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ABSTRACT 


Three experioents were perforaed to determine how boundary-layer 
turbulence la affected by atrong convex curvature. The data gathered on 
the behavior of the Reynolds atreaa auggeated the formulation of a ala- 
pie turbulence model. 

Three aeta of data were taken on two aeparate facllltlea. Both 
rlga had flow from a flat aurface, over a convex surface with 90° of 
turning, and then onto a flat recovery surface. The geometry was ad- 
justed so that, for both rigs, the pressure gradient along the test sur- 
face was zero — thus avoiding any effects of streamwlse acceleration on 
the wall layers. Two experiments were performed at 6/R approximately 
0.10, and one at weaker curvature with 6/R = 0.05. 

Results of the experiments show that, after a sudden introduction 
of curvature, the shear stress In the outer part of the boundary layer 
is sharply diminished and is even slightly negative near the edge. The 
wall shear also drops off quickly downstream. In contrast, when the 
surface suddenly becomes flat again, the wall-shear and shear-stress 
profiles recover very slowly towards flat-wall conditions. Data suggest 
that as many as forty boundary layer thicknesses may be needed for sig- 
nificant recovery, whereas the curvature effects are dominating the flow 
in two layer thicknesses after the beginning of the curved flow region. 

It was discovered that, for the shear-stress profiles taken in the 
curved region, the shear-stress profiles for all three experiments col- 
lapse when - uv/u* was plotted vs. n/R. The strong curvature data of 
So & Mellor (with different free-stream velocity and radius of curva- 
ture) also fell on the same curve. This suggests an siymptotlc state 
for the shear-stress profiles of strongly curved boundary layers. The 
slope of the curve shows an almost linear dropoff of - uv with dis- 
tance from the wall. The shear stress is approximately zero in the 
outer part of the boundary layer. 

The physical interpretation given to these observations is that the 
width of the active shear layer has been compressed (by the curvature) 
close to the wall. Its width is much less than the velocity-gradient 
boundary layer. In the recovery region, the width of the active shear 
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layer regrows slowly within the velocity-gradient boundary layer, like a 
developing boundary layer under a free stream with velocity gradient. 

A simple turbulence model, which was based on the theory that the 
Prandtl mixing length in the outer layer should scale on the width of 
the active shear-stress layer rather than on the velocity-gradient 
layer, was shown to account for the alow recovery. 
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Chapter I 
INTRODUCTION 


1.1 Project Background 

The primary objective of this program was to extend the understand- 
ing of low turbulent-transport processes Co control the convection of 
heat from a solid surface. The work was undertaken as part of an on- 
going series of projects at Stanford sponsored by NASA-Lewls Labs. The 
motivating problem has been the need to accurately predict the heat 
transfer loading on gas turbine blades. 

When the project was begun, NASA used the boundary layer code STANS 
[1], developed at Stanford, to make heat transfer predictions. This 
code solves the partial differential equations which govern transport of 
heat and momentum In boundary layers. The crucial step In this proce- 
dure Is the modeling of the Reynolds stress term which appears in the 
momentum equation. The code STANS has a Reynolds stress model which, 
compared to some, Is mathematically uncomplicated. However, because It 
contains empirical Input from twelve years of careful experimentation, 
it handles very complicated problems accurately. In particular, empiri- 
cal Input has been used to construct a model which calculates through 
areas of strong streamwlse pressure gradients, transpiration, or combi- 
nations of these two effects. 

At the time this project was begun, however, any possible effects 
of longitudinal surface curvature were Ignored. Our aim has been to 
fill this void. 

1 . 2 Previous P.esearch In Curvature Effects 

Experimental evidence that the effects of curvature should be 
Included In a good turbulence model has been accumulating for a long 
time. The first irark on the subject was done by Prandtl and his stu- 
dents. Prandtl had apparently convinced himself from mixing-length 
arguments that curvature effects should be negligible, but the work of 
his student Wllcken [2] showed large changes In the mixing length of 
boundary layers on convex and concave surfaces. Further work at 
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Gottingen was done on flow* between coaxial rotating cylinders by Wendt 
[3], In a curved duct by Wattendorf (4], and In convex boundary layers 
by Schnldbauer [SJ. Ibe general conclusion of all this work — that for 
even small values of 6/R the boundary layer hydrodynamics are greatly 
affected — was published but did not Inspire further Investigation. 

In the early 1950s Krleth [6] made use of Wattendorf 's result to 
make a quantitative estimate of the changes In the eddy dlffuslvlty 
brought about by curvature. His conclusion was that the curvature 
effects scaled on U/r, which he called the forced vortex parameter. 
When non-dlmenslonallzed by 9U/3y, this forced vortex parameter is now 
called the curvature Richardson number. At about this same time, Eskl* 
nasi and Yeh [7] of Johns Hopkins performed experiments In a curved 
channel flow. This excellent study is very detailed even by today's 
standards. Using hot-wire anemometry, a fairly new technique at the 
time, they took the first measurements of turbulence quantities and drew 
important conclusions. The ratio of their channel half-width to span- 
wise dimension was only 13.5, which, based on our experience with bound- 
ary layer flows, may not have been enough to ensure two-dimensionality. 
Indeed, their measured shear stress values did not balance the measured 
pressure gradients. Their experiments showed a great decline in the 
u* and v' over the convex surface (and a corresponding increase over 
the concave surface). Their spectral measurements of u' and v* 
showed that the decrease was largest in the low-wave- number range. They 
related this drop qualitatively to the production term in the Reynolds 
stress transport equations. 

Interest in the effects of curvature intensified in the late 1960s, 
possibly because, by this time, calculations! models had been developed 
to the point where the effects of curvature were not lost in other inac- 
curacies. The first experiment of this era was performed by V. C. Patel 
[8J in a wind tunnel with a 90° bend. He measured only mean quantities, 
and these measurements may have been influenced by secondary flows. 
Nevertheless, he was able to come to the correct conclusion that curva- 
ture affects entrainment by examining the variation of the shape factor 
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Three years after Patel's work, Thoaann [9] published a set of 
experiments on heat transfer In curved boundary layers. They proved 
that the Stanton number is affected in much the same way as the skin 
friction, but no detailed measurements of the hydrodynamic boundary 
layer were taken. Thoman's measurements were also unusual in that they 
were the first performed at high Mach number. 

In 1972, So & Mellor [10] published results from a very detailed 
experiment on a curved-wall boundary layer. In this experiment the 
ratio of boundary layer thickness to radius of curvature was large 
enough that several gross effects were demonstrated. All the Reynolds 
stresses were measured, and the flow was acceptably two-dimensional. On 
the convex wall it was found that the turbulent shear stress was "turned 
off” (the value of uv was approximately zero) in the outer half of the 
boundary layer. Over the concave wall, they found evidence of a system 
of streamwise axial vortices, analogous to those formed between rotating 
cylinders. Wall shear stress was inferred from a Clauser plot, but the 
turbulent shear stress profile was not measured close enough to the wall 
to check the wall value by extrapolation. 

At about this time, Bradshaw [11] pointed out the analogy between 
the effects of curvature and the effects of buoyancy. He then proposed 
that the Monln-Obouhkov formula for the correlation of the apparent mix- 
ing length with small buoyancy effects. 

- 1 + 3^ = 1 + BRi , 
o 

(where b Is an empirical constant and Ri Is the Richardson number) 
could be used to model the effects of weak curvature if the "curvature 
Richardson number" was defined as 


Rl 


2 U/R 

au/3y ' 


This approach met with considerable success. In fact, the value of 
the constant 0 could be Inferred by analogy from meteorological exper- 
iments In stably and unstably stratified boundary layers, where it was 
found to be of the order of 10. The Bradshaw model was also exteuded to 
rotating flows where the "rotation Richardson number" was defined as 
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R1 . ^ " 

"SUTIy * 

iUls and Jouberc [12] of the University of Melbourne measured mean 
properties in boundary layers of a curved duct. They, too, noticed that 
the width of the logarithmic zone was curvature-dependent. Convex cur- 
vature caused the velocity profile to become wake-like at a lower value 
of y^ and the converse for concave. They found s<ae evidence of span- 
wise irregularities which may have been due to TSsylor-Gortier vortices. 
Much of the rest of their work was concerned with trying to derive a 
form of the law of the wall which muld be applicable over curved sur- 
faces. 

In the early 1970s, Bradshaw undertook a series of experiments on 
the effects of very weak curvature (d/R “ .01), working first with 
Meroney [13] and later with Hoffmann (14]. The preliminary measurements 
taken by Meroney and Bradshaw showed again how the effects of convex 
curvature made the mean velocity profile less steep, following s lower 
power law — as had been observed in other experiments. Because the 
curvature effects in this experiment were approximately one order of 
magnitude less than for the So & Mellor work, the turbulence profiles 
were not as dramatically affected. Still, there is a noticeable decline 
in the shear-stress levels In the outer region of the boundary layer. 
The extensive measurements taken by Hoffmann and Bradshaw showed that 
even this weak curvature affected the triple-velocity correlations very 
strongly. Their measurements of the mixing length displayed an inter- 
esting trend, llie outer-layer values declined slowly as the flow moved 
downstream of the start of curvature, eventually the values over the 
convex surface were approximately one-half of their corresponding flat- 
wall values. This gave a very strong indication that, for this weak 
surface curvature, downstream convection of Reynolds stress was a sig- 
nificant factor in determining the shear stress profile at any point. 

Simultaneously with the work described above, Bradshaw and Castro 
(15] were characterizing a highly (convex) curved free mixing layer. 
This was the first experiment to examine the recovery process, that is, 
how the effects of curvature die away after a longitudinally curved 
shear layer encounters a flat downstream wall. In the early stages of 
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recovery, their data showed an ‘'overshoot** in value of the turbulent ki- 
netic energy relative to its equilibrium flat-wall value. This peculiar 
behavior was linked to the suppression of the triple products by convex 
curvature, as previously documented by the boundary layer experiments. 

Effects of very mild curvature on boundary layers were also err 
plored by Ramaprian and Shivaprasad [16,17] in an experiment very 
similar to that of Bradshaw and his co-workers. In general, the results 
of the two experiments are qualitatively similar. 

Mayle et al. [18] performed heat transfer experiments but presented 
very few data on the hydrodynamics. Nevertheless, their experiment is 
an advance because it was the first to Isolate the effects of curvature 
by controlling the pressure gradients along the surfaces. 

1 .3 Objectives of This Program 

The experiments described in the previous section provided a good 
Justification for further research into curvature effects. However, it 
was clear at the time this program started that, if a turbulence model 
which could predict the effects of convex curvature were to be devel- 
oped, reliable data from a specially designed experiment were needed. 

This experiment was designed to address Issues which had been ig- 
nored or overlooked by previous experimenters. In particular, although 
quite a lot of data had been taken over curved surfaces downstream of 
flat surfaces, there were no data at the time to indicate how the recov- 
ery processes would proceed on a flat wall downstream of a curved wall. 
This situation is of particular Importance because it occurs often in 
practice, for example on airfoils and turbomachine blades. 

Another shortcoming of the data available at the start of this 
project was the possible influence of longitudinal pressure gradients. 
The experimental layout used by most previous experimenters (the excep- 
tion is Mayle et al.), as shown in Fig. la, is a duct of constant width 
which is swung through a bend. This configuration leads to a pressure 
distribution similar to that shown in Fig. lb. At the start of cur- 
vature, there is (over the convex surface) a substantial streamwlse 
acceleration, and, at the end of cur\\.i,uie, there is a substantial 
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dtcclaratloQ* A wealth of data ahowa that auch accalaratlona have a 
graat affect on turbulence atructure, and ao it la hard to be aure that 
the effecta obaerved In previous experlaents are entirely due to curva- 
ture. In this experlaent a specially contoured configuration was used 
which produced a constant static pressure over the entire teat surface. 
Thus, In the turbulent layers near the wall there were substantially no 
acceleration effects. 

Three experinents tiere perfomed In two different wind tunnels. 
The rest of this docuaent will describe the wind tunnels and other 
equlpaent used, then present the data and the turbulence oodel which was 
developed froa the data. 
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Chapter 2 

THE EXPERIKENm APPARATUS 


2 . 1 Introduction 

A total of three experlaenta were performed, using two completely 
different but geometrically almllar wind tunnels, the first experiment 
was done on a simple rig which had no facility for heat transfer meas- 
urements and which had only a short recovery surface downstream of the 
curvature, the last two experiments were conducted on a more elaborate 
apparatus, having a longer recovery section and heat-tlux instrumen- 
tation. In the qualification of both rigs, careful attention was paid 
to the control of sidewall secondary flows, In order that the measured 
flow be two-dimensional. The secondary-flow control techniques which 
were developed for the first experiment (and are described in Appendix 
A) were also used on the second and third experiments. The two rigs 
will be described in sequence. They are shown in Figs. 4 and 6, and 
measurements stations are given in Table 2.1. 

2.2 T he First Rig 

a. Physical Description 

The first test section was a 90** curved tunnel of rectangular 
cross-section followed by a straight recovery tunnel. This test section 
was attached to the end of a long, straight, pretunnel, as shown in Fig. 
2a. 

The pretunnel is the test section of the two-story Heat and Mass 
Transfer Apparatus first described by Moffat 119). The operating con- 
trols and heavy equipment are on the first floor, the wind tunnel (and 
curved test section) are on a deck 4.3 meters off the first floor. The 
tunnel is open loop; after traveling over the test surface, the air is 
exhausted to the room. Incoming air is first filtered through 1.0 micron 
retention filter felt. The air then passes through a gate valve, which 
is used to regulate the air speed. Once set at a nominal value, the 
variation of the freestream speed in experiments ^^erformed on the first 
rig was about 11. Downstreas' of the gate value are two blowers In 
series which provide up to 94 cm of H2O pressure gain at 5b m^/min 
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flow rate. The flow Chen peese* through e duct froa Che flret to eccond 
story, where It eapties Into e plenua. Oownstresa of the plenua ere s 
h'.-c t exchanger to control teaperature, screens to reduce the scale of 
any unsteady aoClons, and a two-dlaet.slonal nosale. The side walla of 
the pretunnel arc plexiglass, as is the adjustable top wall. The floor 
of the pretunnel, over which flows the boundary layer of Interest, la a 
hydraulically saoofh surface aade of sintered bronae particles. There 
are 0.063 ca disaster pressure taps In the sidewalls at 15.24 cm Inter'- 
vals In the aala flow direction, over the preCunnel's 2.43 aeCer length. 
At the start of Che experlaents the top wall was adjusted so that, for 
the conditions of the first experlaent, the static pressure at all taps 
was equal within IZ of the freestreaa d)maalc pressure. 

As mentioned In the . Irst chapter, one of the alas of this series 
of experlaents was to se up a flow for which the static pressure was 
constant not only In the preCunnel, but also over the convex test sur- 
face and recovery plate. The criterion of constant wall pressure was 
applied to the design of the curved and recovery sections by use of a 
theoretical prediction of the static pressure distribution for a tunnel 
of constant area. An in-house potential flow coaputer code, RELAX 
(written by W. C. Reynolds), which uses an irregular star relaxation 
method, was applied to solve Laplace's equation. Elgs. la and lb show 
the tunnel cross section and predicted pressure distribution for the 
constant cross-section duct that could have been used without appli- 
cation of the constant-pressure criterion. To aalntain the test surface 
presjure constant , it is clear that the tunnel must be widened at the 
start of curvature and narrowed near the end of curvature. Figs. 2a and 
2b show the tunnel configuration and wall static pressure distributions 
which were finally obtained after several computer runs. The test 
surface pressure has been held constant at the price of introducing a 
severe adverse pressure gradient at the start of curvature and a strong 
favorable pressure gradient at the end of curvature on the concave wall. 

After the tunnel configuration of Fig. 2s had been determined, 
boundary layer calculations were made for the top (concave) and bot- 
tom (convex) walls using STAN3. The results showed that the adverse 
pressure gradient on the concave side was strong enough to cause a 
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••paraclon which, in turn, was large enough to upset the potential 
flow pressure distribution. To reaedy the situation, a aodest aaount of 
suction was applied at the beginning of curvature on the concave wall, 
and separation was prevented. 

To provide the suction at the start of curvature, a restriction was 
installed at the downstreaa end of the tunnel. This raised the static 
pressure in the tunnel to about 1.5 ca — H 2 O over ataospheric. At the 
start curvature, in the region of adverse pressure gradient, a porous 
plate was installed as an integral part of the concave wall. On the 
outside of the porous plate was a plenua box with three sections. The 
sections spanned the tunnel width and were arranged sequentially in the 
dotmstream direction, as sho«m in Fig. 3. Each of the plenuas was conr 
nected to the ataosphere by a valve which was adjusted to control the 
rate of suction. The contours of the final test section and the measur- 
ing stations are shown in Fig. 4. 

All the static pressure taps %wre constructed as shotra in Fig. 5. 
First, a .3 ca diameter hole was drilled from the back of the test sur- 
face into the spacer, almost all the way through. A .63 aa outside 
diameter hole was then drilled through froa the test surface. Finally, 
a .5 cm O.U. copper tube, which served as a connector to the tubing 
transmitting the pressure signal, was Inserted and sealed with epoxy. 

In the pretunnel, upstream of curvature, there were static pressure 
taps every 13.24 cm., located in the side walls. From 13 cm upstream of 
the start of curvature to the end of recovery, the taps were located in 
the test surface. For 15 cm upstream and downstream of the start of 
curvature, the spacing of the taps was every 2.5 cm. In the curved re- 
gion the tap spacing was evey 3 cm. From 13 cm before the end of curva- 
ture to 15 cm downstream of t^“ end of curvature, the spacing was again 
2.5 cm. In the recovery reg i , taps were 5 cm apart. There were 128 
taps in total, of which 38 were on the tunnel centerline. At 13 sta- 
tions there were complete spanwise sets of pressure taps at 10 cm spac- 
ings in the spanwise direction. About every third centerline tap was 
part of a spanwise set. 
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b. Qualification of the Flow 


The two-dlfflenslonallty of the flow waa checked as part of the 
qualification procedure. It waa found that, although the flow was very 
two-dlnenslonal upstream of the curve, the secondary flows generated on 
the parallel side walls by the pressure gradient normal to the test sur- 
face caused significant spanwlse non-unlformltles In the curved and re- 
covery sections. This problem was solved by skimming off the sidewall 
boundary layers Just upstream of the curvature and also installing 
boundary layer fences downstream. Details of experiments conducted to 
study two-dlmenslonallty are given in Appendix A. After Installation of 
the fences, the spanwlse variation of the Integral properties (C^/2, 
6^ , and ^ 2 ) across the center 13 cm of the channel was less than 
± 2.5Z at stations 3 (after 40° of curvature) and 9 (in the middle of 
Che recovery plate) . 

For the test conditions chosen, the free stream speed upstream of 
curvature was 1600 cm/sec (52.5 ft/sec). Surveys of the boundary layer 
In the flat pre-tunnel showed it to have normal, zero-pressure-gradient, 
turbulent boundary layer profiles In the mean velocity and all Reynolds' 
stresses. The Reynolds number based on momentum thickness was about 
5000 at the start of curvature, the point where ilstance s, measured 
along the surface, was designated to be zero. The thickness of the 
boundary layer (based on U ■ 0.99 Up) varied from 2.95 cm at the first 
measuring station, Station 1, 71.1 cm upstream of the curvature, to 4.88 
cm at the end of the section. Station 10, 44.25 cm downstream of the 
curvature. In the curved section, the ratio of the 99X boundary layer 
thickness to radius of curvature varied from 0.085 near the start. 
Station 3, to 0.097 at the end. 

2.3 The Second Rig 

a . Physical Description 

The second rig was in many ways similar to the first. It, too, had 
a pretunnel, the test wall of which was a flat preplate, a convex curved 
test section, and a flat recovery plate downstream. The radius of cur- 
vature was 45 cm (17.7 inches), the same as for the first rig, the tun- 
nel height, width, and length of preplate were nearly the same. The 
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major differences were these: Che second rig had a recovery plate Chat 

was twice as long as that of the first rig; the preplate, the curved, 

and the recovery test surfaces were copper and fully instrumented for 
heat transfer measurements; and finally, the second tunnel was a closed- 
return system. 

The physical layout of the tunnel Is shown In Fig. 6. A large 
centrifugal ventilation blower located downstream of the test section 
delivers pressurized air Co a 61 cm diameter duct which connects the 
blower to a plenum box at the upstream end of the tunnel. Downstream of 
the plenum Is a two-dimensional contraction nozzle with an 11:1 area 
ratio, a heal exchanger, and six sets of screens. Following the con- 
traction, the potential core has a velocity profile flat within 0.15 

percent of the mean and a sCreamwlse turbulence Intensity (u'/U„) of 
0.5 percent. "nie boundary layer on the test surface is tripped just 
downstream of the nozzle exit and then flows over Che preplate, which is 
203 cm long. The tunnel height measured to the wall opposite the test 
surface, is adjustable to give zero pressure gradient, but in the pre- 
plate region, for the experiments to be described, it was always set 
close to 19 cm. 

The convex curved surface was made up of 14 copper plates , each 
approximately 5 cm In the streamwlse direction and 50 cm wide. After 
assembly, the surface was turned on a large lathe to give a constant 
radius of curvature of 45 cm. Various types of instrumentation, de- 
scribed by Simon and Moffat [20], was imbedded in the test surface, 
which allowed very accurate measurement of the surface heat flux. The 
convex surfa'ie also had fourteen .o3 mm diameter wall-static pressure 
taps just off the centerline. On each of three plates — at the begin- 
ning, middle, and end of the curve — there were five spanwise pressure 
taps which were used to check for any gross irregularities in the flow. 
The parallel side walls and the o'tter (concave) walls of the tunnel were 
Plexiglas . 

As was the case with the first rig, suction had to be applied on 
the concave wall near the start of curvature. On this rig, however, the 
suction box design was replaced by a series of seven louvres, as shown 
in Fig. 7. n.e sklamlng of the sidewall boundary layers upstream of 
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curvature was handled In the same was as on the first rig. To replace 
the air which was exhausted to the atmosphere through these louvers and 
at various other places, a small blower was used to Inject air Into a 
plenum Just upstream of the main blower. To assure cleanliness of the 
Injected air, the small blower drew air from a filter box covered with 
1 micron retention filter felt. The rate of injection (and hence the 
tunnel overpressure) was controlled by a slide valve between the blower 
and the plenum. 

b. Qualification of the Flow 

As with the first rig, qualification tests were run to see whether 
the flow was two-dimensional. It was found that the secondary flow 
techniques developed on the first rig worked well but that the flow 
upstream of the curve was slightly irregular In the spanwlse direction 
— integral properties (C^/2, and 62 ) varied by about ± 10 percent 
relative to the spanwlse average of five profiles, each spaced 10 cm 
apart at the beginning of the curved sector. The problem turned out to 
be associated with a bend in the return duct, and when this was correc- 
ted the flow was everywhere acceptably two-dimensional (spanwlse varia- 
tion les than 5%) . 

There were two experiments run on the second rig, with different 
values of 6 /R. For the first experiment, the pretunnel freestream 
speed was 1510 cm/sec (49.5 ft/sec). The inlet boundary layer was, as 
in the case of the first rig, a normal, zero-pressure gradient turbulent 
boundary layer as shown by examination of mean velocity and Reynolds' 
stress profiles at the start of curvature. At the start of curvature, 
the momentum thickness Reynolds number was 3763 , and the ratio of bound- 
ary layer thickness to radius of curvature was nominally 0 . 100 . 

For the third experiment, one of the two trips used in the second 
experiment was removed so the boundary layer thickness was less. The 
freestream speed was 1450 cm/sec (47.9 f;/sec', and the boundary layer 
momentum thickness Reynolds number was about 2300. In this experiment 
the ratio of boundary layer thickness to radius of curvature was 0.05. 
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2.4 M»«gurlng Equlpaent 

The most accurate mean flow meaaurementa were taken ualng wall- 
static pressures and pitot tubes, which were traversed across the 
boundary layer (n-direction) . The outside diaaeter of the ends of 
these tubes waa 0.71 na. The wall-static pressure and total-to-static 
pressure differences were read froa Validyne PM-97 transducers calibra- 
ted to assure linearity to ± 0.2SZ of full-scale output. In Che curved 
region, the static pressure was read at the wall, and the local velocity 
was Chen calculated from the formula, 

U “ (P.-P ) - (P -P ) 

1^ p ' t av' ' r sw' 

which is derived and explained in Appendix B. 

Hean velocity measurements were also taken using a DISA 5SM01 
constant-temperature anemometer, a TSl 1076 llnearlzer, and a OISA 
5SP01 horizontal wire probe. Because of Che limitations of hot wirea , 
these mean-velocity measurements are less accurate than the pitot data. 
However, they were useful to check the pitot data and, at stations near 
Che start of curvature (where Che static pressure distribution was un- 
known) , they provided the only mean measurements. 

The horizontal-wire bridge signal was used in conjunction with a 
TSI 1076 llnearlzer and a DISA 55D35 True RMS meter to measure turbu- 
lence intensities and the dissipation rate. 

Measurements of the Reynolds stress tensor were made using two OISA 
55M01 bridges, two TSI 1076 linearizers, and a DISA 55P51 x-wire probe. 
Details are given in Appendix D. 


1 - 


(1 -t- n/R )' 
o — ' 
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Table 2.1 


location, of Maaaur«.aiit Station! for Profile! 
of Velocity and Turbulence Propertlea 

Firat Rig (Firat Kxperiaent) 


Station No. Location 


Streaawiae 
Coordinate • 

a (cn) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Flat wall, pretunnel 
Flat wail, pretunnel 
Flat wall, pretunnel 


Curved region, at 20.6“ turn 

Curved region, at 42.8“ turn 

Curved region, at 64,7 turn 

Curved region, at 81.6* turn 

Flat recovery zone 
Flat recovery zone 
Flat recovery zone 


-71.75 

-41.27 

-6.19 

■••16.20 

■F33.65 

-♦-50.80 

-•-64.13 

-•^1.91 

-•-97.16 

■•■112.4 
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Table 2.1 (cont.) 


Second Rig (Second and Third Experiments) 


Station Streamwise 

Number Notes Location Coordinate, s(cm) 


1 

b,c,d,e 

Flat wall, pretunnel 

-118.74 

2 

b,c ,d,e 

Flat wall, pretunnel 

-74.29 

3 

e 

Flat wall, pretunnel 

-52.70 

4 

b,d,e 

Flat wall, pretunnel 

-41.28 

5 

b 

Flat wall, pretunnel 

-29.84 

6 

a,d,e 

Curved region, at 0® turn 

0.00 

7 


Curved region, at 13' turn 

-610.39 

8 

e 

Curved region, at 31' turn 

-625.19 

9 


Curved region, at 52' turn 

-641.48 

10 

e 

Curved region, at 72' turn 

-661.72 

11 


(This station was never used) 


12 


Flat recovery zone 

-688.47 

13 

e 

Flat recovery zone 

■6103.71 

14 


Flat recovery zone 

-6118.95 

15 

e 

Flat recovery zone 

-6124.79 

16 

e 

Flat recovery zone 

-6149.43 

17 


Flat recovery zone 

-6164.78 

Notes: 




(a) 

No pitot mean 

profiles, second experiment. 


(b) 

No single hot- 

-wire profiles, second experiment. 

(c) 

No cross-wire 

profiles, second experiment. 


(d) 

No pitot mean 

profiles, third experiment. 


(e) 

No turbulence 

profiles, third experiment. 
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3. Suction box located on concave wall (near start of curvature) 
of first facility 



Flj?. 4. Schematic of facllitv for first experiment 
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FLOW 



Tubing 


Fig, 5. Typical pressure tap 








Chapter 3 

EXPERIMENTAL RESULTS AND INTERPRETATION 


3.1 Introduction 

Results froa each of the three experiments will be presented in 
turn, and then general conclusions will be drawn. The first experiment 
(denoted as Exp. 1) was performed on the cold-flow rig, which had only a 
short recovery plate. The value of 6/K wa» close to 0.10. The second 
and third experiments (Exp. 2 and Exp. 3) were performed on the heat- 
transfer rig, where more data could be gathered on the recovery process. 
In the second experiment (Exp. 2} the value of 6/R was again close to 
0.10, and so It constitutes a repeat and extension of the first experi- 
ment. The third experiment (Exp. 3} was run with a thinner boundary 
layer, the value of 6/R was 0.05. 


3 . 2 Results of the First Experiment (Exp. 1) 
a. Static Pressure Measurements 

The distribution of static pressure for the first experiment is 
shown in Fig. 8. The largest value of the static pressure coefficient, 
defined as 


P - P 

SW SW,S"0 

— 


h p U' 


(3-1) 


pw 


is 0.029. This is a small value, however, the pressure coefficient 
does change from +0.029 to -0.020 in a short distance near the start of 
curvature. To check whether the resulting pressure gradient was strong 
enough to affect the turbulence structure, it was necessary to calculate 
the value of the acceleration parameter K, defined as 


dU 

\> • 

2 dx“ 


dC 

2U dx 


(3-2) 


To get an approximate value of the pressure gradient. It was as- 
sumed that the distribution of near the start of curvature was 

sinusoidal over a 30 cm length. 


I. 


c 


p 



0.029 sin ^ 
0.029 ^ cos ^ 


( 3 - 3 ) 

( 3 - 4 ) 


This pressure field has a aaxiaua value of K of about 2.5 x 10~^. 
nils value is about an order of aagnltude lower than the value needed to 
significantly change the turbulence structure near the wall. Thus, 
experlDental results should not be affected by any pressure gradients 
not directly asoclated with the curvature. 


b. Mean Velocity Measurements 

Figure 9 shows mean-velocity profiles taken upstream of curvature, 
at station 2, at station 5 (after approximately 40” of curve), and at 
station 10, the last station on the recovery plate for Exp. 1. 

It should be explained that the ordinate In Fig. 10 Is the local 
velocity U divided, not by the velocity at the edge of the boundary 
layer, as is customary on a flat wall, but by the local potential flow 
velocity U . U Is calculated from an assumed free-vortex distrlbu- 
tlon: 


U 

P 


R 

U — ~ 

pw R +n 
o 


(3-5) 


where Is the wall radius of curvature. After a moment's reflec- 
tion, it is clear that nondlmenslonalizlng on over the curved wall 

is the exact analog of nondlmenslonalizlng on the edge velocity over a 
flat wall. On a flat wall, Up is effectively the edge velocity at 
every distance from Che wall. 

Ibe upstream profile compares well with that expected for a fully 
turbulent boundary layer, the shape factor, H, is 1.36. The profile 
at station 5 (after 40° of bend), however, looks more like a transi- 
tional or even a laminar boundary layer. The velocity gradient is 
higher in the wake region and, although It Is not readily apparent from 
Fig. 9, the velocity gradient is lower near the wall. Originally, it 
was expected that in the recovery region the velocity profiles would 
relax back toward the upstream profile as Che flow moved downstream in 
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the recovery region. We were very surprleed to tee the profllet con- 
tinue to lose their fullneat and the shape factors renal n high. At the 
end of the "recovery" section, the recovery of the aean-velocity profile 
Is not apparent at all. 

fhe velocity profiles were then replotted In Inner coordinates, as 
shown in Fig. 10. Ihe aethod used to calculate u^ is described In 
Appendix C. It Is clear that the upstreaa profile fron Station 1 fol- 
lows the law of the wall. 

U 1 / \ 

I; " 5.0 (3-6) 

It is clear that the profiles In the curved region also follow the 
law of Che wall, although they becoae nrui-logarlthalc at a lower value 
of n in Che curved region. In the profiles fron 60 (station 6) on, 
it is also possible that there is a second logarithmic zone from n^ “ 
200 to * 1500. The profiles at stations 6, 7, and 8 show the 
phen jxenon most clearly, the second (outer) logarithmic zone seems to be 
breaking down at Stations 9 and 10, however. 

The fact that the curved-wall profiles followed the law of the wall 
close to the wall but became non-logarithalc at a lower value of n is 
an indication that the curvature phenomenon Is stronger In the outer 
portion of the flow than in the more highly turbulent layers nearest Che 
wall. Thla behavior where surface layers are little affected is unus- 
ual. In the case of many ocher phenomena which affect turbulence struc- 
ture, such as longitudinal pressure gradients, transpiration, ot surface 
roughness, the law of the wall function mjst be modified to fit the data 
If accurate fits are needed. With these other phenomena, except for 
pressure gradients, It Is the wall layers which are most affected. 

Since the data follow the logarithmic law of Che wall, one may 
calculate the wall skin friction by the Clauser plot method described in 
Appendix G. The results are shown in Fig. 11, where Cf/2 is plotted 
as a function of distance s along the centerline of the wall. For 
purposes of comparison, we have included a solid line showing the 
flat-wall skin friction distribution predicted by the boundary layer 
code STANS {!], using the measured profile at statlu.i 1 aa an initial 
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condition. The conditlont at etatlon 2 are well predicted by the pro- 
graa, but the prediction and the data separate at toon at the flow 
entert the curve. The effect of the curvature It to reduce the wall- 
thear ttreta at Station 7, after 80“ of turning, by about 33% — a large 
aaount, but an anount contlttent with that expected from examination of 
the data of other invettlgatort. The tkln-frlctlon data alto tho«' the 
tame trend a« the mean-velocity profile. Namely, the effects of curva- 
ture appear quickly (the dropoff of wall shear It quite apparent at 20* 
— only 3.3 boundary-layer thlcknetoes downstream of the start of curva- 
ture), but the disappearance of those effects In the recovery region It 
clearly an extremely slow process. The last point, at Station 10, Is 
11.7 boundary-layer thicknesses downstream of the end of curvature, and 
no recovery Is apparent. 


In Fig. 12 the displacement and momentum thicknesses have been 
plotted as a function of s. Over the flat portions of the wa.l, up- 
stream and recovery, the definition of these quantities is conventional, 
but for the profiles in the curved region, definitions developed by 
Honaml [21] were used. Honami calculated the Integral parameters by 
Imposing the conditions that 



(3-7) 


(3-8) 


The physical basis for these definitions, in the c * of 6j^, is 
the idea Chat Che displacement thickness should correspond to the dis- 
tance the wall must be displaced into the potential flow field to ac- 
count for Che mass-flow deficit caused by the velocity defect in the 
boundary layer. 
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Fig. 12 shows a rapid Increase in both and ^2 recov^ 

ery section after the dip* at the end of the curved wall. One mechanism 
which could cause this rapid increase is the action of any residual sec* 
ondary flow ''rom the channel end walls, which was not removed by the 
measures described In appendix A. The secondary flow drives extra-low 
momentum fluid toward the centerline. If the flow were entirely free 
of any secondary flow influence, then it is possible to calculate, 
from the momentum integral equation, the rate of growth of ^2 
recovery region. Ber->use the static pressure is constant, the two- 
dimensional momentuBi ^ equation reduces to 


62( x ) 



(3-9) 


where momentum thickness at some starting point, here taken 
at station 8 , s >* 33 cm. Fig. 13 shows the measured ^2 (PL) and the 
calculated ^2 (^^) recovery region. In the recovery region, 
PL Increases faster than PR, Indicating that some secondary flows may 
be present. This idea was checked using a form of the momentum Integral 
equation which allows for secondary flow. 


dx + 


tan a 


where a • arc tan W/U. and z * 0 on the centerline. The basic 
assumptions are that all mean velocity profiles are collateral (not 
skewed) and that the boundary layer flow is a simple convergent or di- 
vergent flow. Using Eqn. (3-10) along with the measured values of 62 

and C^/2, the effective secondary flow angle for the center 13 cm of 
the flow was calculated. The results are shown in Table 3-1 below, 

along with flow angles in the boundary layer measured with the Conrad 
probe (see Appendices A and E) , and the agreement is close enough to 
sustain the conclusion that the difference between PL and PR is 

caused by secondary flow. 




it 

The "dip" in the first experiment is yet to be explained. The 
62 at Station 8 was repeatable. The "dip" did not appear in experi- 
ments two (Fig. 32) or three (Fig. 47). 
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Table 3-1 

Calculated and Measured Secondary Flow Angles 
for the Recovery Section of First Experiment 


8 (cm) 

32.23 

38.25 

44.25 

Eqn. (3-10) 

0.7* 

3.7* 

1.4* 

Measured ^ 




Flow Angle 

3* 

2" 

— 

1.5* 


*Average value in profile, see tabulated data 
for details. 


From the mean velocity profiles, it was possible to calculate the 
rate of entrainment. On a flat wall, the boundary layer mass flux is 

simply 


m 



- P U„ 



(3-11) 


On a curved wall, however, we used the formula 


p U R in 
pw o 


R + 6 

o 

R + "ST 

o 1 


(3-12) 


which is derived and explained in Appendix H. Results for upstream and 
curved regions are shown in Fig. U. Results are not plotted for the 
recovery region, because the secondary flow which is present there tends 
to Influence the rate of growth of the integral quantities. 


The solid line shown in Fig. 14 has the slope calculated from known 
correlations for flat-wall turbulent boundary layers without pressure 

gradients , 

. 0.2 


0.037 8 




(3-13) 


and 
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DTW7 


^2 

-U.7Th 


(3-14) 
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The fact that the flat-wall data have the aaoe slope aa predicted by 

Eqn. (3-13) la another indication that the boundary layer upatreaa of 

curvature la noraal. Fig. 14 ahowa that the entralnaent rate, da/ds, 

la greatly reduced by the curvature. Since the nechanisa by which free- 

atreaa fluid la entrained into the boundary layer has been linked to 

action of large-scale sweeping aotlona near the edge of the boundary 

layer, this result suggests that presence of the pressure gradient 

2 

noraal to the wall (9p /3n ^ pU / (R -t-n)} has inhibited these large- 

s o 

scale notions. Further evidence will be presented to support this 

hypothesis . 

e . Turbulence Intensity Measurements 

Turbulence-intensity profiles were taken at all ten stations in 

Exp. 1. In Fig. 15 Is an Isoaetric plot of all ten profiles with dis- 
tance along the centerline as a parameter. The curvature clearly af- 
fects the profile shape. For example, the peak turbulence intensity, 
which occurs very near the wall, declines quickly after the start of 
curvature. Fig. 15 also provides some confirmation of the slow recovery 
trend observed in the mean-velocity profiles. The profile taken at 
station 10 shows a higher level of turbulence intensity than the pro- 
files taken over the curved surface, but it is not nearly so Intense as 
the profiles upstream of the curve. The recovery that is seen takes 
place first at the wall and then diffuses slowly outward. At the last 
recovery station, the "bulge" of increased turbulence, outside of the 
sharp peak, has reached only about halfway across the Isyer. 

In Fig. lb, the four profiles of u' taken in the curved region 
have been superimposed. It is interesting that there the profiles at 
40, 60, and 80" are very similar. This Indicates that, near the end of 
the curve, the process of accommodation to curvature by the turbulence 
is nearly complete. By accommodation, we mean that a fair degree of 
similarity in profile shape Is achieved after 40 degrees of curvature. 
Comparison of curved profiles of Stations 5, b, and 7 with the upstream 
profiles shows another interesting f.act. In the upstream profile the 
value of u' falls ott sharply at first and then with a steady negative 
slope from n/>S » 0.05 to n/5 ' 0.8. Beyond 0.80 the ’■ste of dropoff 
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increases, due to the action of Intermit tency. For the profiles in the 
curved region, however, after the initial sharp dropoff, there is a 
region from n/6 - 0.40 to n/6 ■ .80 where the value of u' is 
fairly constant. This "shelf” will be discussed in more detail in Sec- 
tion e. 


d. Measurement of Dissipation 

Approximate measurements were also made of the dissipation rate. In 
doing so the usual assumption that the small-scale motions which are 
responsible for the dissipation are isotropic was made. This means the 
dissipation is approximately [22] 
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Using Taylor’s hypothesis, this becomes 
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Eq. (3-16) was used to determine the dissipation rate from the time- 
differentiated horizontal wire signal. As pointed oat by Klebanoff 
[23], this method of measuring dissipation Is not completely accurate 
because of assumption of Isotropy. However, the measurements are useful 
for qualitative comparison ot the structure of curved and flat boundary 
layers. Profiles taken at stations I, 5, and 10 are shown in Fig. 17. 
The results are nondlmensionallzed on Up^^ and 6. The profiles show 
that the dissipation rate over the curved surface is different from the 
dissipation rate over the flat surface, especially outside of u/6 » 
0.1. The profile at station 10 on the flat recovery surface shows a 
two-layered structure, not unlike the shear-stress and turbulence- 
intensity profiles at the same station. 
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«. Measureaent* of Reynold* Stresses 


Coaplete Reynolds stress profiles were taken at all ten stations 
using Che rotatable x^wlre probe described In Appendix D. Fig. 18 shows 
the - uv profile measured upstream of curvature at station 1, plotted 
along with a profile taken by Klebanoff. The agreement Is reasonable. 
Further, the value of wall->shear stress obtained by the Clauser method 
from Che oean-velocicy profile was used to normalise the data In Fig. 18 
to give unity value at n/£ •0.0, and it la clear that Che extrapolated 
turbulent shear stress line agrees with the wall shear, as it should. 

Figure 19 is an isometric plot of all ten shear-stress profiles 
vs. n/6. This plot shows the drastic effect of curvature on shear 
stress. The first three profiles, taken before the onset of curvature, 
are quite similar and display a high level of turbulent shear stress at 
Che wail and well out into the boundary layer to n/6 0.1 or 0.2. 

However, the profile at station 3, which is Just upstream of the start 
of wall curvature, shows a slightly reduced level of turbulent shear 
stress in the wake , while the near-wall layers seem to be unaffected. 
Because streamline curvature outside of the wall layers must start a 
little upstream of s • 0, Che outer layers are sffected by curvature 
at Station 3. This result gives more evidence that the curvature ef- 
fects are powerful and that they are felt away from the wall more than 
In the wall layers. The transformation in profile shape from station 3 
to station 4 Is dramatic. The shear stress virtually disappears in Che 
outer 702 of Che layer and is greatly reduced near the wall. Down- 
stream, the profiles seem to recover a little but have a shape which is 
much like the profile at 20®. In the recovery zone, the profile shape 
changes markedly from the last curved profile, at 80° of turn, to the 
first recovery profile at Station 7. In the recovery profiles there is 
a layer close to the wall where the gradient of shear stress in the n 
direction is approximately zero. Nevertheless, the shear-stress pro- 
files also show the "slow recovery" from the effects of curvature 
already seen in the skin-friction, mean velocity profiles, and the 
turbulence- Intensity profiles. Examination of the last recovery station 

shows that the value of - uv/U^ is still very low at all values of 

pw 

n/6 compared to the upstream profiles. 
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Figure 19 also shows the wall values or shear stress calculated 

from the mean profiles at each station. At all stations (except station 

2 

4), the value of shear stress extrapolated from the > uv/U^^ profiles 
agrees well with the law-of-the-wall values. Agreement betweeu extrapo- 
lated turbulent and mean-velocity wall shear is a good Indication that 
the data presented are reliable. The fact that there is good agreement 
in the curved region is perhaps a surprise. Many analytical derivations 
of the law of Che wall assume Chat there Is a region In the fully turbu- 
lent zones near Che wall where the shear stress is nearly Independent of 
distance from Che wall and equal to the wall-shear stress. The curved 
surface profiles do not show such a region. 


Figure 20 compares Che shear-stress profiles at stations 3 and 4. 
It is clear that the enormous change takes place in a downstream dis- 
tance of only about five boundary- layer thicknesses. Such a large 
change in the Reynolds stress in so short a distance clearly means that 
Che large and medium scale, stress-carrying "eddies" in the boundary 
layer are far from equilibrium. It is not surprising, then, that the 
wall shear calculated from Che Clauser plot method (which assumes that 
the boundary layer "eddy" structure is at or near equilibrium) is not in 
agreement with - uv profile extrapolated to give a wall-shear stress. 
The extrapolated values are believed to be closer to the true values 
of u^ . 

In Fig. 21 the shear-stress profiles are plotted for the stations 
nominally at 40, 60, and 80“ of the curve. There Is a region between 
n/6 ■ .10 and n/6 ■ .35 where all the profiles collapse on a single 
curve. While this is not a large fraction of 6, it is a significant 
fraction of the region where uv is large. Profile collapse indicates 
that the boundary layer turbulence structure may have attained an "equi- 
librium" state, an idea which is supported by the observation that this 
is the same region where the second log zone appears in the u^ vs. 
y^ data. In the region beyond n/6 “ .75, the profile at 40“ shows 
positive values of uv , as does the 20“ profile shown in Fig, 20. Ibe 
values of positive uv are not large but are larger than the uncer- 
tainty in the data (see Appendix D) . Previous convex-curvature exper- 
iments (So and Meller) at similar conditions also found a region of 
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positive uv far from the well, but attributed It to uncertainty In the 
data. 


As discussed In Appendix D, the design of our cross~wlre ^robe al- 
lowed us to neasure all the turbulent normal stress v , and 
2 

w ) at eacu point 


From these we were able to calculate the turbulence 

2 


2 2 

kinetic energy (q /2). Fig. 22 shows three q*’/2 profiles for repre- 


sentative upstream curved-wall and recovery stations. The level of q 
declines due to curvature, but not as drastically as the shear stress, 
- uv. 

Plotting profiles of the Individual components of q^ allows a 
clearer picture to develop. Figs. 23, 24, and 23 show the normal 
stresses at stations 1, 5, and 7. Upstream of curvature (Fig. 23), the 
normal stresses are very different In magnitude near the wall but ap- 
proach the same values near the free stream. Fig. 24, which Is a pro- 
file typical of the curved region, shows that, near the wall, the three 
Reynolds stresses are more nearly equal chan on a flat wall. The most 
remarkable thing, however. Is the shape of the profiles. All three 

quantities fall off sharply near the wall, and (at about the same 
y/6 value where - uv/U*^ has reached a value close to zero) they 
have approximately Che same magnitude (v* is slightly lower than u’ 
and w'). Unlike the upstream profile, the level of each component 
stays fairly constant from n/6 “ 0.3 to n/6 => 0.8. Beyond n/6 - 

0.8, the magnitude of the turbulent normal stress drops off due to 
intermittency of the turbulence at the outer edge of the layer. Thus, 
there is a region where the values of u' , v* , and w' are nearly 

equal and where the gradient of each in Che n direction is small. In 

this same region, the turbulent shear stress is close to zero. 

The profiles near 80° of turn, plotted in Fig. 25, show the same 
behavior, except chat the level of the "shelf" is lower. 


The explanation for the shape of the normal stress profile is ob- 
tained from the turbulence kinetic energy equation. Over a curved wall, 
it has the form [24] ; 
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where e is the dissipation rate for conversion of turbulence energy to 

2 

internal thermal energy. If the gradients of q in the normal direc- 
tion are small (as the profiles in the outer parts of the curved flow 
show they are) , then the redistribution terms in the line directly 
above e can be assumed to be negligible. For this experiment, the 
three terms 9U/ds, V/R, and 9V/9n are also negligible, as they 
would be in a constant freestream-velocity , plane-wall layer. For the 
region where u' “ v' * w' , we also have seen that uv ■ 0. This 

leaves Che dissipation as the only significant term on the RHS of the 

2 

equation. On Che LHS , the second term which depends on 3(q /2)/9n 
will also be small. The TKE equation Chen reduces to: 


d(q^/2) _ £ 

ds U 


(3-18) 


This equation predicts that the level of the "shelf" should decline 
monotonies lly as the flow moves downstream. Figs. 24 and 25 show this 
is clearly the case. The turbulence in the outer part of the layer is 
then "debris" from the preceding flat-wall boundary layer, which simply 
decays as It Is convected downstream. 


To test this conjecture, the following calculations were made. 
First, from the mean-flow data the positions (n(s)) of mean-flow 
streamlines were located. The data were Chen studied as a function of 
distance s along the curve. If the turbulence In the outer parts of 
the boundary layer is Indeed quasi-isotroplc , then Its decay, as it Is 
convected downstream by the flow, should be predictable. We employed a 
model for the decay of isotropic turbulence given by Reynolds [25] as: 
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where Is the Initial value of q and is the initial value of 

the rate of turbulence dissipation. Cq in our computation was taken 
from the dissipation measurements. Using Taylor's hypothesis to replace 
t by x/U and with the conditions at station 5 as initial conditions, 
the decay of the turbulence was calculated along a streamline. The re- 
sults are given in Table 3-2 below. 

Table 3-2 

Comparison of Calculation and Experiment 


Remarks 

Turning 

Angle 

(degrees) 

Station 

Distance 

8-«0 

(cm) 

Exper . 
(cm^/sec^) 

Calcul . 

2 

q 

2 2 
(cm /sec ) 

Curved 

40 

5 

0.0 

6230 


Curved 

60 

6 

17.8 

4900 

4400 

Curved 

80 

7 

30.5 

4200 

3600 

Flat Recov. 


8 

42.2 

4900 

3100 




The model and experiment show fair agreement in the curved region, 
although the calculated decay is slightly faster than the experimental 
rate up to Station 7. The agreement is bad in the recovery region, Sta- 
tion S, but this Is to be expected. The appearance of significant 

- uv in the outer region during flat-wall recovery produces (generates) 
2 

new q which more than balances the decrease due to dissipation. The 
agreement Is about the same for ocher streamlines which exist between 
the place where Che shear stress becomes negligible (n/6 = 0.4) and 
where Intermlttency effects become important (n/6 = 0.7). This cal- 
culation is intended only to show that the turbulence decays ac roughly 
the predicted rate In the curved region; the model employed is too crude 
to pursue further, and it is no good in the recovery rone. 

The fact that the turbulence in Che outer layer decays leads to an 
interesting hypothesis, namely, if the curved region were long enough, 
the outer part of the layer would eventually become laminar. The "tur- 
bulent shear layer" would then fill only the inner 351 of the mean- 
velccity-gradient boundary layer, and the outer 651 would affect the 
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wall transport proceaaaa only indlractly. If this hypotheais la accap~ 
ted, then It can be concluded that even close to the start of curvature, 
the largest scales of the “turbulent shear layer" aaist be of the order 
of .35 6. 

Since all the non-cero Reynolds stresses have been measured, the 

2 

structural coefficient a ■ (- uv/q ) can be computed. Profiles of 
a vs. n/6 for three stations are shown in Fig. 26. Upstream of cur- 
vature a is nearly constant over almost all of the boundary layer and 
is about equal to 0.145, a value in good agreement with previous flat- 
plate measurements [26]. For the curved boundary layer, however, a 
becomes a strong function of position across the layer. Values of a 
beyond a/6 » .4 are not very reliable, because of the uncertainty in 

- uv on q^, both of which have low magnitudes. Many calculation 

2 

methods employ the assumption that - uv/q is a constant, and so it is 

clear that some modification will be necessary if these models are ever 

to handle curvature. In the recovery region, a very surprising trend is 

noticed. Ihe recovery of the structural coefficient is very quick 

— 2 

(compared to the sluggish recovery of the - uv and u profiles). 

The idea that the "turbulent shear layer" is concentrated in a nar- 
rower zone within the "velocity-gradient layer" could also provide an 

— 2 

explanation for the shape of the - uv/q profiles, if the turbulent 
shear layer” hat’ its own intermittency , as sketched in Fig. 27. If the 
ratio of - uv/q^ in the "turbulent shear layer" is about 0.145 as 

usual (and as it is near the wall) , then a probe which time-averages 

2 2 

- uv/q at a point where instantaneous - uv/q Is alternately 0.145 

(wall layer) and 0.0 (outer, decaying layer) could easily produce a pro- 
file like that at Station 5 in Fig. 26. 

3.3 The Second Experiment 

Upon the completion of the first experiment. Just described, the 
second rig went into operation. This rig had a recovery section which 
was about twice as long as that of the first rig and was in addition set 
up for surface heat-flux measurements. Ihe first experiment run on the 
new rig was essentially a repeat of the experiment run on the old rig. 
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as a check on Ita performance, and to obtain more data on the slow rtr- 
covery process, which could not be deduced from the first experiment. 

a. Static Pressure 

Figure 28 Is a plot of the measured wall static-pressure distribu- 
tion; It, too, Is fiat, as for the first experiment (see Fig. 8), and, 
as previously noted In Section 3.2A, the effects of pressure gradients 
on the wall layers are unimportant. 


b. Two-Dimenslonallty and Inlet Boundary Layer 


The boundary- layer thickness was adjusted by installing trips in 
the "transition box” between the nozzle exit and the preplate. For 
Exp. 1, two 32 mm trips, each 1.23 cm wide, were Installed about 25 cm 
apart. This produced a boundary layer thickness at the start of curva- 
ture of 3.75 cm. Figs. 29 and 30 show the turbulence intensity and 
shear-stress profiles plotted with Klebanoff's data for a constant 
pressure turbulent boundary layer of different, but fully turbulent, 

flows (see Ret value denoted in Fig. 29). There Is good agreement. 

“2 


As with the first experiment, careful attention was paid to the 
two-dlmenslonaiity of the flow. In Fig. 31, the aomentuBi thickness 
measured at five spanwlse locations 29.84 cm upstream of curvature are 
plotted vs. z. The variation Is less than ± 5%. Also plotted are 
five profiles from station 13 In the recovery section. This station 
corresponds to a place on the first rig where the flow angles reached a 
maximum. Comparison of results in Fig. 31 to those from Exp. 1 (shown 
In Fig. A-12) shows that there Is less secondary flow interference in 
this experiment. This observation was confirmed when the skew angles 
were measured. Finally, a plot of PL and PR, shown in Fig. 32, 
shows that the two terms grow at the same rate from the middle of the 
curved region down to the end of the recovery plate. All results indi- 
cate that the flow in the longer recovery section of Exp. 2, which was 
of prime interest here, was very t wo-d imensi onal . This point is Im- 
portant because the observations from the first experiment about the 
alow process of recovery from curved to flat-wall conditions were con- 
firmed In the second experiment. We conclude that the effects noted are 
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cobtoffllnaCed little If at all by vail pressure gradients or by secondary 
flow effects. 


c. Mean-Velocity Measurements 

Figure 33 shows mean-velocity profiles measured upstream (Stn. 5) » 
In the center of the curve (Stn. 9), at the point (Stn. 14) which cor- 
responds to the last recovery station on the first experiment, and the 
farthest downstream measurement (Stn. 17) In the new experiment. The 
most Important trend noticed In the velocity profiles of the first ex- 
periment — that recovery has not even begun In the outer part of the 
layer ten boundary-layer thicknesses downstream of the end of curvature 
— Is clear again. Two new observations can be made from the new pro- 
file at station 17, which is 20 boundary layer thicknesses downstream. 
First, there does seem to be some recovery taking place very close to 
the wall, below n/6 « 0.05. Second, the profile is smoother beyond 
n/6 ■ 0.10, which is Interpreted to mean that the effects of the short 
region of longitudinal pressure gradient in the outer layers, at the end 
of curvature, have disappeared. 

The fact that the values of U/Up along given streamlines (or ap- 
proximately at given n/6) is increasing as the flow moves downstream 
in the recovery region has certain implications about the shape of the 
shear-stress profile. As pointed out by Smlts et al. {27], the momentum 
equation, along a streamline in a constant-pressure flow, reduces to 
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(3-20) 


where la the stagnation pressure and i Is the total shear stress. 

For the recovery points very near the wall, P^ is Increasing down- 
stream. Since t drops to zero at the edge of the boundary layer, one 
concludes that the gradient of i must be positive near the wall and 
that 1 must reach a maximum away from th e wall , even when 8P^/9x ■ 0. 

Figure 34 shows the distribution of wall shear computed from the 
mean-velocity profiles. Also shown for comparison are the data from the 
first experiment and the flat-wall predicted values for both data 
sets. There is obvious agreement. The new data show that the recovery 
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process is still not cooplete at station 17, about 20 boundary-layer 
thicknesses dctfnstreaa of the end of curvature. 

Because the flow in the recovery zone of the second experiaent was 
two-diaensional, the growth race of boundary- layer aass flux could be 
used to eatlaate the entralnaent rate. The data points plotted in Pig. 
35 were obtained using the procedure described in Appendix 1. It is 
clear frcai the plot vhat the entralnaent rate, which is reduced by the 
curvature, remains low all the way through the recovery section. In 
this case as in Exp. I, Fig. 15, the solid line has the slope entraln- 
aent rate) expected for a flat-plate boundary layer, and it fits the 
data upstreaa of the start of curvature. 

The shape factor computed from the profiles is shown In Fij;. 36. 
The curvature raises H, as might be expected, and, although it dro.is a 
bit, H stays high all the way through recovery. 

Turbulence-Intensity Measurements 

Figure 37 shows profiles of turbulence-intensity taken from three 
spanwlse locations downstream of curvature. They indicate clearly that 
the turbulence field was two-dimensional, when compared to the profiles 
taken at three streamwlse locations (see Fig. 38). 

Data from the first experiment showed that the recovery of the 
turbulence-intensity profiles started as a "bulge" near the wall which 
migrated across the layer as It moved downstream. In Fig. 38 three 
turbulence- intensity profiles from the beginning (Stn. 12), the middle 
(Stn. 14) and the end of recovery (Stn. 17) have been plotted on top of 
each other. The profiles from Stns. 12 and 14 show the same outward- 
migrating bulge that was observed in the first data. However, there is 
not too much change between stations 14 and 17, indicating that the tur- 
bulence profiles are nearing completion of their recovery. The "bulge" 
has all but disappeared by station 17. Figs. 33 and 34, of course, show 
tf 't the mean-velocity profile Is nowhere near completing its recovery. 
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e. Rcynold» Stre«»«« 

The turbulent shear-etreee profiles for all stations are plotted 
isoaetrically in Fig. 39. Again, there Is good agreement with the 
Clauser-plot skin friction everywhere but at the first station In the 
curved region. In this experiment, the first station In the curved zone 
Is ouch closer to the start of curvature than In the first experiment, 
and there Is a profile taken exactly at the point where the profile 
changes from flat to curved. Fig. 40 shows an upstream profile, the 
profile at the start of curvature, and the first two profiles In the 
curved region. The results of the first experiment showed that there 
was a very quick change In the shear-stress profiles after rhe onset of 
curvature, but Fig. 39 proves It to be even quicker than the first 

experiment Indicated. Right at the start of curvature, the near-wall 

— 2 

value of - uv/Up^ Is only slightly less than it Is at station 4, which 
Is 28 cm upstream. This indicates that the curvature effects have yet to 
really begin. At station 6, the change to a typical curved-wall profile 
Is complete — In only 2.5 boundary-layer thicknesses. Jn the outer 
region, the profile at station 7 shows nearly zero shear stress. By 
station 8, the outer layer shear stress has become negative by a sig- 
nificant amount. A glance at Fig. 39 shows that the negative shear 
stress disappears as the flow continues downstream. This region of 
negative shear stress is also apparent in Fig. 19 from the first ex- 
periment . 


The shear-stress profiles taken over the curved wall in tne first 

2 

experiment collapsed on each other when nondimenbionalized on 
Fig. 41 shows that the last three profiles in the curved region collapse 
In the second experiment also. It seems clear that there Is some sort 
of simple scaling law waiting to be discovered. 


In the recovery region, there Is no similarity of profiles when 

— 2 

- uv/U Is plotted vs. n/6 , as Fig. 42 shows. At the start of re- 
pw 

covery, there is a very quick transformation in rhe shape of the pro- 
file. Near the wall, the curved region profiles do not show an obvious 
region of constant stress, a> do the flat-wall profiles upstream. The 
profile at station 12, however, suggests that there is a constant stress 
region beyond which the stress level increases to a maximum before 
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falling off sharply, like the curved-vall profiles. The fact that there 
la a maximum away from the wall la In accordance with the observations 
made earlier about the recovery of the mean-velocity profiles. Farther 
down the recovery plate, the maximum moves away from the wall, and the 
point at which the shear stress falls off linearly also moves out. 
Thus, there Is a gradual thickening of the width of the active shear- 
stress layer until It fills the width of the velocity-gradient layer , 
d. Examination of the profiles at stations 16 and 17 shows that, at 
about the time the active shear-stress layer Is as wide as the velocity- 
gradient layer, the shear-stress profiles stop changing, although the 
maximum Is still there. 

Figure 43 Is an Isometric plot of the turbulence kinetic energy 
(TKE). When compared to the Isometric plot of shear stress (Fig. 39), 
It Is Interesting to note that the TKE profiles do not change as dras- 
tically at the start of curvature. Rather, the decline winds down as 
It flows downstream. The profile at station 10 has a shape which sug- 
gests the two-layer structure discussed before. The TKE drops off al- 
most linearly with distance from the wall out to n/6 “ 0.40. Beyond 

n/6 = 0.40 is the "shelf" which appears in the normal stress profiles. 
If the hypothesis that the "shelf" will eventually decay Is correct, 
then a portion of the profile which remains (the part which drops off 
rapidly near the wall) will have a shape which is similar to the up^ 
stream profiles, except that the width of the layer Is about the same as 
the width of the active shear layer. As with the first experiment, each 
of the three turbulent normal stresses were measured at each station, 
allowing the calculation of the structural coefficient "a". "a" 

changes rapidly from being a function of position In the curved region 
(as it was in the first experiment) to being about constant (see Fig. 
44), as it usually is in flat-plate boundary layers. 

3.4 The Third Experiment 

The last experiment in this series was run on the long-recovery 
rig. One of the upstream trips was removed and the remaining trip 
readjusted in order to give a boundary-layer thickness-to-radius of 
curvature ratio of 0.05. This pvocedure enabled us to observe the 


40 


effects of curvet-ure at an Intermediate value of 5/R. It was also 
supposed that the recovery process would be more complete, since the 
number of (velocity-gradient) boundary-layer thicknesses downstream of 
curvature was greater. 

Other than Inlet boundary-layer thickness, the only difference in 
tunnel conditions between the second and third cases was the nominal 
freestram speed, which was 48.1 ft/ sec in Exp. 3. Figure 45 shows the 
measured distribution of wall static pressure, which is similar to that 
of the other two cases. 

The skin-f rlctlon distribution for this case is plotted in Fig. 46, 
along with the flat-wall prediction. Despite the fact that the original 
boundary layer Is only about one-half as thick as for the previous 
cases, the C^/2 curve is remarkably similar. The recovery after cur- 
vature appears to be no more advanced at the end of the recovery plate 
than in Exps. 1 or 2. 

One of the consequences of thinning the test surface layer was to 
Increase problems with secondary flows generated on the end walls. 
Since the boundary layers on the side walls and fences were unaffected 
by the change from thick to thin test- surface boundary layer, the 
amount of secondary flow fluid coming off the side walls and fences was 
the same as for Exps. 1 and 2, where 6/R > 0.10. The test-surface 
boundary layer mass flux, however, was much less, and consequently the 
skew angles increased. Fig. 47 shows PL-PR calculations for this 
experiment. The secondary flows are clearly enough to Influence the 
growth rate of Integral parameters. The mean skew angle for this case 
is approximately 4 degs , using the results in Fig. 47. Experience with 
the first two experiments indicates that measurements of C^/2 and the 
turbulence quantities should not be greatly affected by small secondary 
flows and skew angles. 

Only six shear-stress profiles were taken In the last experiment. 
Measurements were made upstream; two were located in the curved region, 
and three were over the recovery plate. Fig. 48 shows all tnese pro- 
files. 
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The trends observed previously ere reconfirmed here, except for a 
couple of peculiarities. First, in the profile taken near the end of 
curvature (station 9), the region over which there is appreciable shear 
stress extends over a greater fraction of 6 than In the 6/R 0.10 

cases. Second, In the last profile at station 17, the level of 

- uv/u^ at its maxlmim is much higher over the entire profile than 

for the measurements taken upstream. At n/6 > .50 the value of 
2 

- uv/u^ at station 17 is twice what Ic is at station 5. 

As in the 6/R - 0.10 experiments, the structural coefficient, 
a, became a function of position (y/6) over the curved surface, as 
shown In Fig. 49. For this case the steepness of the dropoff at large 
n/6 Is much less than was the case at 6/R <■ 0.1. 

3 . 5 Comparison of all bbepertments 

The data from all experiments, both at 6/R •• 0.10 and at 6/R ■ 
0.05 show a striking degree of similarity downstream of the start of 
curvature. It is suggested that, as the width of the active shear layer 
is decreased, the large eddies which carry the "history" of the turbu- 
lence structure are either destroyed or modified in such a way that the 
"history" is lost. Downstream of the start of curvature, the initial 
conditions are largely irrelevant. Note that in both flows we have 
examined the initial boundary layer thickness 6 was larger than the 
thickness of the shear-stress-carrying region. The present suggestion 
may not be valid for layers that are very thin at the start of curva- 
ture. 

Support for this interpretation comes mostly from the shear-stress 

profiles. Fig. 50 shows three plots of - uv/u^ vs. 1^® three 

plots are from different experiments, but they are all from stations 

near the end of curvature. It is clear that, for the three experiments 

2 

presented liere , - uv/u^ is a function only of n (R was constant for 

these thiee experiments). To check the significance of R, we have 
also plotted, in Fig. 51, the shear-stress data of So and Mellor, from 
an experiment in which the radius of curvature and the freestream veloc- 
ity were somewhat different from those in the present case (R ■ 32.56 
cm, U " 2404 cm/sec). The data follow the same curve, which again 
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indicates that the shear stress is a function of n/R rather than 
n/6, and that It la, at aost, only a weak function of Up^. That 

Up^ Is not a strong Influence is surprising, since the cross boundary- 
layer pressure gradient pU^/R Is a strong function of Up^. 

In Fig. 52, the skln-frlctlon curves for Exps. 2 and 3 have been 
overlaid. It can be seen from these curves that the curvature exerts an 
"organizing Influence" — the values of skin friction after the start of 
curvature are much closer In value than they were over the preplate. 
Measurements of Stanton number for the same two experiments, taken by 
T. W. Simon and shown In Fig. 53, show the similarity of conditions 
after curvature even more clearly. 

The main effect of strong curvature, then, is to Impose a limit on 
the size of the largest eddies. if the Initial large-eddy size is 
larger than this limit, eddies larger than the limit must either shrink 
or be destroyed. In the recovery region, the large-scale eddies grow 
back slowly, just as large eddies grow slowly Ip a developing boundary 
layer. 

Apparently our experiments at 6/R - 0.03 and 6 /r ■ 0.10 simply 
approach the same "asymptotic convex boundary layer" from two slightly 
different Initial conditions. Whether an initially thin layer such as 
that of Hoffman and Bradshaw (6/R - 0.01) approaches this limit from 
below is an onen question. If our results do indeed show an asymptotic 
state, the results of Bradshaw & Hoffmann, as plotted on Fig. 51, must 
be well below that asymptotic state. 
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Fig. 20. Shear-stress profiles near the start of curvature for first 
experiment 



Fig. 21 . Partial collapse of curved-region shear-stress profiles 
for first experiment 
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Fig. 22. Turbulence kinetic energy profiles at three representctive 
stations for the first experiment 
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Fig. 25, Turbulent normal stress profiles at Station 7 (after 80“ of 
curvature) of first experiment 
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Fig. 28. Measured convex-wall, static-pressure distribution for second 
experiment 
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Fig. 29. Comparison of upstream turbulence- intensity profiles from 
second experiment with data of Klebanoff 
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Fig. 30. Comparison of shear-stress profile upstream of curvature 
with data of Klebanoff 
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Fig. 33. Mean-velocity profiles for four representative atatlons of 
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Fig. 35, Growth of bound ary- layer mass flux for second experiment 
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Fig. 37. Spanwise turbulence- Intensity profiles in recovery region 
of second experiment 
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Fig. 42. Shear-stress profiles in recovery region of second experiment 
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Fig. 45. Measured wall-static-pressure distribution for third experiment 
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Fig. 48. Shear-stress orofiles for third experiment 
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Fig. 53. Comparison of Stanton number from second and third experiments 


Chapter 4 

DIRECTIONS FOR TURBULENCE MODELING WITH CURVATURE 
4.1 Introduction 

One of the alma of this project was to translate the experimental 
data Into a simple turbulence model that would be useful In practical 
engineering calculations. For such a model, it is desirable to keep 
the number of transport equations to be solved to a minimum. In the 
author's experience, designers are willing to trade some loss in gener- 
ality for quick running times and simplified input. For these reasons 
we chose to use an empirical modification to the mixing-length turbu- 
lence model In the boundary layer code STAN3 [1]. 

The nodel which has been developed represents a significant Im- 
provement over the curvature modeling work done previously at Stanford. 
In particular, the slow recovery can now be accounted for. Neverthe- 
less, the present model cannot yet be considered comple:e. 

The mixing-length hypothesis uses an empirically prescribed length 
scale to relate the mean velocity gradient to the Reynolds shear stress, 
through the formula 


- uv 


2 ^ 1 ^ 

9y ! 3y 


(4-1) 


For a flat-wall boundary layer, the length scale Is taken as 


£ 


Ky 


1 - exp(-y /A 


")■ 


(4-2) 


In the wall layers where y < 0.207 6. k , the Karman constant. Is 
taken to be 0.41, Its usual value. In the outer parts of a turbulent 
boundary layer, 


£ - .085 6 , (4-3) 

where y > 0.207 6. The value of the parameter A"*” Is determined 

from an empirical function. For a flat-plate, turbulent boundary layer. 
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■ 25. For other pressure gradients, etc., the fornulatlon used in 
S1AN5 was also used here. 

There have been previous efforts to build simple models of curva- 
ture effects. The most successful models have been those baaed on a 
scheme proposed by Bradshaw [11]. Bradshaw suggested multiplying the 
flat-wall mixing length by an empirical function built around the cur- 
vature Richardson number: 


t - Vl-bRi) 


(^-A) 


where R1 Is the curvature Richardson number , is the standard 
flat-wall mixing length, and $ is an empirtcal constant obtained from 
the data. The curvature Richardson number is defined as 


2U/R 

eft 

TjJTTTn 


(4-5) 


The effective radius of curvature, ^eff’ computed from a first- 

order lag equation, which simulates the effect created by a changed 
radius of curvature with streamwise distance, s. 


d(l/Reff> 

ds 


_1 

105 


Ro 



(4-6) 


This form of model was used by Cebeci et al. [28] , Rastogi and Whitelaw 
(29), as well as by Johnston and tide [30]. 


The Johnston-Elde model also had a feature which allowed it to be 
used for very strong curvature effects like those shown in the experi- 
ments just described. The authors put a restriction on Che sire of 
Richardson number in the outer regions of the boundary layer, where the 
velocity gradient is very small. Tliey used 
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2U6_ 
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pw o 


(4-7) 


Universal values of t are still in question, even for convex 

walls. Bradshaw suggested b " 2 for concave and 8 ■ 3 for convex 
walls . 
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This allowed them to circumvent a problem which occurs In strong curva- 
ture cases. At 6/R > 0.10, the Richardson number becomes large enough 
half way across the layer, at n/fi ~ 0.5, so that the mixing length 
calculated from (4-1) becomes negative, an obviously undesirable result. 

Ihe models proposed by Launder et al. [31] and Irwin and Smith [3)c] 
are based on the flat-plate stress equation model of Launder, Reece and 
Rodl [33]. Irwin and Smith showed that mild curvature effects could be 
modeled reasonably well by Including the extra curvature-production 
terms which appear in Reynolds stress transport equations. These terms 
can be derived directly from the Navler-Stokes equation without resort 
to a model of turbulence. This is an important point which will be 
discussed again below. It is difficult to assess the success of this 
model, because It was used to calculate only one data set — that of 
Meroney and Bradshaw [13]. The curvature effects In that experiment 
were very slight (6/R ~ .01) and even a flat-plate model comes close 
to the data. 


Launder et al. applied the concepts developed by Bradshaw to the 
two-equatton turbulence model of Joaes-Launder [34]. Since the tur- 
bulence-length scale used by this model is determined by the dissipation 
equation, their approach was to make some of the constants In the 
modeled equation depend on the curvature Richardson number. Arguing 
that the curvature correction should scale on turbulent quantities and 
not mean-flow quantities, they redefined the curvature Richardson number 
as (for non-swirling flow): 


R1 


2 

.1 


/u^ 

U/ 3n 


(4-8) 


The agreement with experiments was Improved over the Jones-Launder 
model. Agreement seemed to be about as good as for mixing-length models 
wi.ich use Bradshaw's suggested correction. One wonders, however, 
whether multi-equation, single-point closure models, in which all length 
scales and stresses are calculated from data available at a single point 
in space, will be much more successful than mixing-length models. As 
has been shown in the data, curvature effects seem to act on the large- 
scale processes. Mixing- length models, because they must scale £ on 
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6 and on condition! upstream, If a lag equation la used, would seem to 
have greater potential for getting large-scale eddy conditions Into the 
calculation scheme, given our current state of knowledge. 


Another multi-equation model for curvature effects was developed 
recently by M. M. Gibson and his co-workers at Imperial College [35]. 
His model, like that of Irwin and Smith, Is based on the work of Laun- 
der, Reece, and Rodl, but Includes curvature-production terms In the set 
of Reynolds stress equations. However, Gibson's model is apparently 
different from Irwin & Smith's in the details of the pressure-strain 
term modeling. Results of compute tlcns show that agreement Is as good 
as Irwln-Smlth for the weak-curvature Meroney & Bradshaw data and also 
very good for the data of So & Mellor and the very strong curvature case 
of Smlts, Young, and Bradshaw. Figs. 54 and 55 show the results of 
Gibson's calculations of the data of the first experiment presented In 
Chapter 3. Agreement for mean values and turbulent shear stress Is very 
good In the curved region. It Is Interesting that Gibson's model pre- 
dicts negative shear stress in the outer region over the convex surface, 
as was measured. In the recovery region, however, there is poorer 
agreement between the model and the data. The surprisingly slow recov- 
ery process shown in the data is not reproduced well, although It Is 
somewhat better than earlier work at Stanford [36]. 

The purpose of constructing a new model was to use the Insights 
developed from the I'ata shown in Chapter 3 to Improve on the models pre- 
viously available. It was also deemed desirable to keep the computation 
scheme as simple as possible, in order to make the code useful to indus- 
trial designers. For this reason, it was decided to try to improve the 
"zero equation” mixing-length methods, which are easy and inexpensive to 
use but which are not as general as some of the multi-equation Reynolds 
stress models. It was particularly desirable to find a model which 
would predict the observed slow recovery from curvature effects. 

An analysis of the causes of : iden disappearance of the Reynolds 
shear stress was carried out by Honaml [21], based on the transport 
equation for - uv, which is, for curved flow: 
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(4-9) 


The terms of RHS have been grouped according to function. On the 
first line are the production terms. Tlie second line Is the pressure- 
strain term which tends to change the orientation of the turbulent mo- 
tions. On the third line are the diffusion terms, and the last line Is 
the dissipation term. Over a curved wall the dominant production terms 
are 


(P • I (‘^-10) 

For a flat wall, of course, only the first of the terms on the RHS Is 

non-zero. The second term In Eqn. (4-10) appears suddenly at the start 

of curvature , andit tends to decrease the total production rate, since 
2 2 

usually 2u » v . Honaml calculated •'he size of the production terms 
for two profiles of the first experiment, one on the flat wall upstream 
of curvature and one at Station 4, 20® after the start of curvature. 

Results are plotted in Fig. 56. For the flat-wall profile, the total 
production la positive at all values of y. For the curved-wall boundary 
layer, the total production is positive In the inner layer, but in the 

outer layers the positive and negative production terms are about equal. 
This shows the reason for the huge change In the outer layer levels of 
- uv near the start of curvature. The negative production balances the 
positive production, and Che dissipation reduces Che level to nearly 
zero. 

Soon after the start of curvature, the shear-stress profiles have 
Che same shape, as was pointed out before. Indeed, the changes in shear- 
stress profiles were slow with respect to s (or turning angle) 
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downstream of the start of curvature for all three data sets. This 
Indicates that a local equilibrium model, like the mixing-length 
hypothesis, might be successful. 

The first step in building such a model was to calculate the actual 
mixing-length distributions from the experimental data. From the shear- 
stress and mean-velocity profiles, it is possible to calculate the mix- 
ing length, and in Fig. 37 mixing length profiles have been plotted for 
three stations of the first experiment used previously to represent 
flat, curved, and recovery profiles. The mean-velocity gradients needed 
to calculate the mixing length were obtained by differentiating a cubic 
spline which was fitted close to the data points. Fortunately, very 
little smoothing was needed to fit the spline. In the profiles of Fig. 
57, the great reduction in the length scale of the turbulence which has 
been observed by all workers in this field is evident. 

Even in the curved region, there is a layer close to the wall where 
the classical mixing-length distribution (i = xn) holds. In the 
curved region, however, the mixing length becomes constant closer to the 
wall. This view is supported by Fig. 58, where £/6 is plotced vs. 
n/6 at 60 and 80 deg. (Mixing lengths calculated from data taken far 
out in the boundary layer are not shown because, far from the wall, both 
the shear stress and velocity gradient are small and the computed mixing 
lengths show considerable scatter, due to large uncertainties.) The 
plots show profiles which seem Co have two regimes: 1 = xn for n 
less than 0.076 and I = 0.0256 for n greater than 0.076. The 
recovery profiles suggest that the point at which the mixing length 
becomes constant moves slowly back toward the usual value of approxi- 
mately .0856. This picture is consistent with Che idea that the main 
effect of the curvature is to confine the turbulent motions close to the 
wall and to destroy the previously existing large-scale motions. The 
slow regrowth of the mixing length in recovery is probably associated 
with the slow reappearance of large-scale structures. 

Previous work on mixing-length models at Stanford showed that the 
effects of longitudinal pressure gradients and transpiration could be 
correlated by the use of one parameter , which is the effective 
viscous sublayer thickness that appears in the Van Driest damping 
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•ch«n«. Near e wall the mixing length Is modeled as In Eqn. (4-2). To 
test the possibility that K*" might be the correlating parameter for 
curvature effects, the value of was calculated from the data for 

each of the stations In the first experiment. The calculation of A*** 
la based on the experimentally observed fact that at y^ " lA^, the 
Reynolds number of turbulence, defined as 


Re 


T 


/- UV 
V 


(4-9) 


has a value of 31. The length scale in the equation Is taken as the 
Prat^dtl mixing length. Results are shown in Table 4-1. 


Table 4-1 

Values of Calculated from Data of First Experiment 


Wall 

Flat 


Curved 



Flat Recovery 

Station 

1 

2 

3 

r* 

5 

6 

7 

L“J 

1 

9 

— 

10 


24.9 

25.1 

24.5 

33.8 

28.3 

28.9 

27.6 

24.5 

24.6 

23.8 


With the exception of Station 4, which is the first station down- 
stream of the start of curvature, the value of is cha«\ged only 

slightly for the flat-wall value of 25. This makes sense because, in 
the sublayer, the normal pressure gradient pU^/R, ia very small com- 
pared to its value in the outer layers. Since the strongest effects are 
away from the wall, another method of correlation must be tound. 

4.2 Dcvel otxoent of an Oute r- Laye r Model 

The facts that the outer-layer mixing length fs so much smaller 
than 0.085 ft m\d that the layer with active shear-stress is also so 
much smaller than 6 suggest that perhaps 6 Is no longer the approp- 
riate scaling length. In fact. It seems much more likely that the 

outer-layer mixing length is tied to the width of the active shear- 
stress layer than to the velocity-gradient layer. Indeed for flat-wail 
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flow, If • boundary layer were to develop into a free stream which had a 
slight shear, one would not expect that the boundary layer length scale 
for active turbulence would extend far Into the free stream. 

In an unrelated experiment, Kira, Kline, and Johnston [37] found. In 
a reattached boundary layer downstream of a separation, that the outer- 
layer eddy viscosity scaled on ( 6 - 6 ^), not on & alone. In their 
case, as In our recovery flow, a new sub-boundary layer grows slowly out 
from Che wall, downstream of a sudden change of conditions, detachment 
In (37 j, removal of stablllclng curvature in our flow. Both obser- 
vations noted above were combined for our model of mixing length, l.e., 


£ « 




(4-10) 


* 

where 6 , Is Che width of the active shear layer and 6 , la Che dls- 
placement thickness calculated by Integrating out to 

Hie problem of how to determine the width of the shear layer was 
now faced. This can be done very easily but only approximately by eye. 
Examination of Figs. 21, 42, and 48 shows that ^1 must be about 0.35 
6 for the first two experiments and about 0.6 6 for the third experi- 
ment. T;> determine consistently, the procedure Illustrated In 

Fig. 59 was used. Here 6 ^ 1 ^ Is taken to be the extrapolation of the 

straight, descending portion of the shear-stress profile. TTie other 

* 

parameter, calculated, once 6^^ was determined as: 

l--p]dn (4-11) 

pw ' 

Figures 60 and 6l show how the ustKlng length compares In the 
second and third experiments with (6 , - 6 ,). Ihe const.ant of pro- 

port tonality Is taken as O.IO. Also shown Is the average value of the 
experimentally determined mixing lengtit In the active stress outer re- 
gion (n < Ttie scaling Is very good In the curved region, <ind 

reasonable In the recovery region, altliuugh ('^-i " ) recovers 

slightly faster. The fact that agreement Is so good tor Che mixing 
length indicates that Che moan velocity profiles resulting from Inte- 
grating this mixing length will be very close Indeed. 



97 


Examination of Figs. 60 and 61 shows that the suggested scaling 
method works well when the boundary layer is in quasi-equilibrium in the 
latter stages of the curve and through the recovery section. It will 
not be a good predictive tool at the start of curvature where the 
boundary layer is out of equilibrium. Indeed, the scaling method does 
not Address the question of why the mixing length should drop when the 
wall suddenly changes from flat to curved. Clearly, another step is 
necessary to complete the model — some way is needed to adjust 6^^ 
down at the start of curvature. 

Many ideas for ways of adjusting 6^^ downward in the non-equilib- 
rium portion of the flow were tested in the code S1AN5. The most suc- 
cessful (but still not entirely satisfactory) scheme was based on Che 
work of Gibson [38] , who made Che observation* that there appears Co be 
critical value of Che stability parameter S, defined as 


S 


U/R 

au 


(4-12) 


above which shear stress could not sustain itself. Note Chat the sta- 
bility parameter, S, is one-half the curvature Richardson number. 


Gibson surmised that the shear stress fell to zero whenever S was 
greater than 0.17. It was then suggested that the data of our experi- 
ment could have been predicted by the boundary- layer code STANS, if it 
had used the shear-layer mixing-length scaling discussed above, and de- 
fined in the curved region to be the n value where S was equal 
to 0.17. 


To summarize the calculation procedure, upstream of curvature the 

* 

outer-layer mixing length is determined directly from (6 -6 ,). At 

the start of curvature, is taken to be the n value where s 

^critical regardless of the shear stress profile. This reduces 
the outer-layer mixing length immediately, and is determined by 

the S parameter through the curvature. At the end of curvature, the 


One may attribute the first observation of this type to cither L. 
Prandtl or P. Bradstiaw. 
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calculation twitches back to determining 6 ^ 2 ^ from the shear-stress 
profile by extrapolation, as in Pig. 59. 

The model described above was applied in conjunction with the STANS 
two-dimensional boundary layer method. However, a good fit, in terms of 
computed mean properties and shear stress, was produced with ^critical 
- 0 . 11 . 

Results computed for the first experiment were very encouraging. 
Fig. 62 shows a plot of the computed 0^/2 distribution. These results 
were very encouraging; Che skin friction trends are well represented in 
the curved region, and the recovery is very slow, as the data say it 
should be. More Importantly, the shear-stress profiles are closely pre- 
dicted, as shown in Fig. 63. 

Figure 64 compares the results of the second experiment to Che pre- 
dictions. The skin friction is again well predicted in the curved re- 
gion, as would be expected since 6/R Is almost the same for the two 
experiments. Hie recovery- region skin friction is also well predicted, 
as are the shear-stress profiles. 

Results were not as encouraging for the third experiment, as shown 
In Fig. 65. Hie skin friction is overpredicted by about bS in the 
curved region. In the recovery region, the calculation shows some re- 
covery; however, the skin-friction data show none. As a result, the 
predicted skin friction is 25X too high at the end of the recovery 
region. It may be that some of the disagreement between calculation and 
experiment in the recovery region of the third experiment is due to the 
influence of secondary flows, which, as Fig. 47 shows, become large in 
the last half of the recovery plate. However, it is also clear tliat the 
new model does recover too quickly, although it is closer to the data 
than previous models. The reason for the quick recovery of the model is 
the fact that the scaling length <5„, is set artificially in the curved 
region, rather than taken from the calculated shear-stress profile. At 
the end of the curved region, the progriun switches back from setting 
5^1 at the point where S “ 0.11 to setting 0^2 by extrapolating the 
shear-stress profile. If the mixing lengths calculated by the two meth- 
ods are not exactly the same, then there la a step change in the calcu- 
lated turbulence structure which causes either a too quick or a too slow 
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recovery. In this case, the model for the curved region produced a 
shear-stress profile (at the end of curvature) with 6^^ about equal 
to .84 2, whereas the data show - .566. Also shown in Fig. 65 

are the results of computing the recovery region flow using, as an ini- 
tial condition, the data at Station 10. This calculation showed much 
better agreement. Thus, the key to better agreement in the recovery 
region is a better method for setting 6^j^ in the curved region. 
Efforts to find such a model are continuing. 

The model presented above is based on the premise that the near- 
wall conditions are unaffected (to the level of approximation necessary 
to get rough agreement with the data). If this idea is true, then one 
might expect that heat- transfer data could also be predicted to good 
accuracy by using the above model to calculate the hydrodynamic equa- 
tions, standard flat-wail energy equation, and turbulent Prandtl number 
distribution. The turbulent Prandtl number is close to l.O in the 
outer layer, as it should be when the momentum and energy transport are 
both determined by the turbulence structure. If this is the case, then 
one would expect the heat and momentum diffusion processes to be affec- 
ted in the same way by the curvature. To test this assertion, the heat- 
transfer data from the second experiment was predicted with the new 
curvature model. Results shown in Fig. 6b, show that indeed the Stanton 
numbers can be predicted with no change to the energy equation, or 
change from the usual flat-wall turbulent Pr number values. 
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Fig. 55. 
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Fig. 56. Shear-stress production profiles on flat wall and after 20* of 
curvature, as computed by Honaml for data of first experiment 
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Chapter S 

CONCUJSIONS AND RECOtMENOATlONS FOR FURTHSR RESEARCH 
5.1 Conclusions 

This project, like almost all work on turbulent boundary layers, 
has provided some Insights, but It has also served to Illustrate the 
complexity of the turbulence problem. The main conclusions are as fol- 
lows. 

1. The main effect of Che Introduction of surface curvature is a 
significant and Immediate reduction in the turbulence-length scale (as 
measured by Che mixing length). Once this length scale Is reduced, it 
regrows ery slowly, even If the boundary layer is flowing over a flat 
surface downstream of significant curvature. 

The reduction of eddy- length scale caused by the curvature, through 
the action of the normal pressure gradient (pU /R) , is accompanied by 
a collapse of the active shear-stress layer to a thickness less than the 
thickness ^ of the velocity-gradient boundary layer. The width of the 
velocity-gradient boundary layer Is mainly determined by flow upstream 
of curvaturej the width of the active shear layer Is chiefly determined 
by local conditions In the curved region. Once the shear-stress layer 
has collapsed, it can regrow only at the rate characteristic of a thin- 
ner developing boundary layer. This rate is slow enough to account for 
the slow redevelopment of the shear-stress layer, after curvature, on 
the flat recovery surface. 

After compression of the shear-stress layer, the turbulence at 
large values of n/6, beyond the shear-stress layer but within the 
velocity-gradient layer, is effectively Isolated from the wall layers. 
It has little production and consequently dissipation causes decay of 
the turbulent energy. 

2. Shear-stress profiles taken In the curved regions for our two dif- 
ferent sets of initial conditions (d/R « 0.03 and 6/R ■ 0.10), and 

the data of So & Mellor (with different radius of curvature and free- 

2 

stream velocity), collapse when uv/u^ Is plotted vs. n/R. This 
behavior Indicates that, after the compression of the turbulent shear- 
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•tr«Bs layer, the large-ecale eddies which carry the upstreaa hlatory of 
the boundary layer are destroyed and the Initial conditions no longer 
matter. The collapse of profile indicates that there may be an asymp- 
totic shear-stress profile, at least for sero pressure-gradient flow 
over convex surfaces with £/R greater than 1/20. 

3. In the curved region, the law of the wall fits the data with the 
same constants used on the flat wall. The log region does not extend as 
far out in the boundary layer, ending near y*** - 100. Calculation of 
the effective sublayer thickness shows is essentially unchanged by 
curvature. In addition, near the wall, the mixing length still scales a 
distance from the wall, as it does for no curvature. These observations 
indicate that the near-wall layers are not as strongly affected by the 
curvature as is the wake region. 

4. It was found that, for this experiment, the outer layer mixing 
length scaled on the width of the shear-stress layer rather than on the 
veloclty-gradlent-layer thickness 6. This fact was used to construct a 
model of curvature effects which appears to enable one to predict the 
slow recovery from curvature. 

5.2 Recommendations for Further Researctt 

This program has answered some, but hardly all, questions about the 
effects of convex curvature. Several interesting experiments could be 
performed to further elucidate curvature effects. First, it would be 
instructive to see whether, in a tunnel like ours which turned more than 
90° , the outer-layer turbulence does Indeed decay away completely as the 
flow goes on in the curved region. 

Another good area for investigation is the examination of curvature 
effects on boundary layers with very small values of 6/R. If the 
asymptotic state our data indicate does exist, then the shear-stress 
profile of a very thin boundary layer should grow out until it reaches 
that state. (In our cases, the profile contracted inward.) The data of 
Bradshaw and Hoffman indicate that, after a sudden change from flat to 
mild curvature, slowly becomes a smaller and smaller tracticn of 
6 as the layer moves downstream. However, the asymptotic limit is not 
approached, we believe, because the length of curved surface is too 
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short to allow the layer to get thick enough. It would be interesting 
to see a curved run long enough to approach the hypothesized asymptotic 
limit Independent of initial conditions. 

Finally, a better model for the onset of curvature effects is 
needed. We feel that such a model should adjust the shear-stress dis- 
tribution when it is incompatible with the radius of curvature but stop 

* 

adjusting when about ten times the outer-layer mixing 
length. 

Still unanswered are questions about Che combined effects of convex 
curvature with longitudinal pressure gradients, transpiration, or sur- 
face roughness. And beyond these is Che whole area of concave curva- 
ture, which must be explored before Che problem can be considered to be 
in hand. 
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Appendix A 

THE EFFECT OF SECONDARY FLOW 


Any experimenter who studlee two-dlmenelonal boundary layer flow on 
convex surface in a teat section of rectangular geometry will have to 
face the problem of secondary flow. The direction of these flows is 
shown in Fig. A-1. The sidewalls of the wind tunnel are covered by low- 
momentum boundarty layer fluid which reacts to the radial pressure gra~ 
dlent created by the curvature. As a result, the side wall boundary 
layer fluid flows down the sidewall toward the convex surface. When it 
reaches the surface, it makes a right-angle bend and flows onto the 
convex surface. Eventually, the secondary flows from the t'<K> sidewalls 
meet on the tunnel centerline. Thus the Fow In the test surface bound- 
ary layer — off the centerline — flows at an angle toward the centerline. 
On the centerline, however, the flow Is straight, but the boundary layer 
growth Is faster than In the same flow If there were no convergence. 
There Is no way to avoid this problem completely, since It Is the radial 
pressure gradient which both causes the flow to follow the convex sur- 
face and also drives the secondary flow down the side walls. 

There are a number of devices which one may use lO minimize the In- 
fluence of secondary flows. The most successful trick Is to use a 
tunnel with a large aspect ratio. If the convex surface Is twenty or 
more times as wide as the sidewalls are high, the Influence of the 
secondary flows near the centerline will be small. In the current ex- 
periment, the aspect ratio was dictated, at the start, by the flat tun- 
nel upstream of the curve, It was about 3:1. Other experimenters with 
low aspect ratio tunnels have used various schemes to straighten the 
flow. Patel [8] used false walls which made Che effective sidewall 
boundary layers thinner, and so reduced the amount of low-momentum fluid 
subject to Che radial pressure gradient. There has been some question 
about the effectiveness of this technique [24]. So & Mellor [10], In an 
experiment much like this one, fired jets upwards Into the sidewall 
boundary layer. Mayle [18] used side-wall slots to Intercept the sec- 
ondary flows. Launder [39] used boundary layer fences. 
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We cried several scheacs before settling on a layout which used a 
coabination of false walls, fences, and slots* We believe that this 
combination preserved the flow's t«fo-dlaensioaallty In our test section* 
In succeeding sections, some of the early experiments with less success- 
ful schemes are discussed as background for the presentation of the 
final resulte. 

Preliminary Data 

Before beginning our %iork on the secondary flows, we made a quick 
check of the spanwise uniformity of the upstream tunnel by using a Pres- 
ton tube to measure the skin friction. Results are shown in Fig. A-2. 
These measurements indicate good spanwise uniformity in Che flow up- 
stream of curvature. 

For our first attempt, following Patel's scheme to reduce the 
secondary flows, we narrowed the test channel width at the start of 
curvature and blew the sidewall boundary layers out of the tunnel (see 
Fig. A-2). The boundary layers which established themselves on the new 
sidewalls downstream were Chen much thinner than the boundary layers on 
Che sidewalls upstream of curvature. We also opened slots in Che side 
walls, as shown below in Fig. A-3* In theory, these slots would inter- 
cept the secondary flows as they came down the sidewalls, and blow them 
out. 

The sidewall slots were adjusted as follows. First, the slot was 
opened fully (about .63 cm), and then a tuft was positioned inside che 
tunnel. Just below the slot. In theory the slot should Intercept and 
blow out only the secondary flow coming down che sidewall from above the 
slot and not "lift" any fluid from the boundary layer beneath t: slot* 

The slot opening was then narrowed until the tuft below the slot was 
parallel to the surface. This method generated settings which were re- 
peatable to about ± .25 mm. 

The effectiveness of these techniques could be gauged in several 
ways. With the slots closed (but upstream bo..ndary layers blown out at 
the start of curvature), the secondary flows were so strong that, near 
che sidewalls, tufts showed a flow skew angle of up to 30“. Whe;' the 
slot openings were adjusted as described above, the skew angles were 
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small enough that tufts were not reliable indicators. All further meas- 
urements of skew angles were made with the Conrad probe described in 
Appendix E. The Conrad probe gave a good measure of the magnitude of 
the ^l^jw angles, but, to our surprise, we found that the spanwise dis- 
tribution of irsfegrai parameters (6, 5^, 6^) was also an extremely 
sensitive indicator of the presence of secondary flows. In fact, the 
spanwise distribution of and 6^ became our final criterion of 
two-dimensionality. Figs. A-5 and A-6 show flow skew angles at Station 
4 (A“5) and Stat >r 9 (\-6) measured after the slots were adjusted, Ihe 
skew angles at Jr ij cm are larger near the wall and reach a maximum of 
seven degrees. Nearer the centerline, the flow is straighter, and the 
flow on the centerline is straight to within experimental accuracy. In 
spite of the smallness of the angles , there was significant variation of 
rhe spanwise integral properties. Fig. A-7 shows three spanwise 
profiles of momentum thickness taken at Stations 4, 6, and 9. the 
Influence of the secondary flows (which thickens the boundary layer at a 
rate which increases off the centerline) Is clear. 

Lest the reader be led to believe the problem was worse than it 
was, It must be pointed out that the vertical scale is 50 times the 
horizontal scale. In fact, at the second downstream (worst) station the 
variation in 6 divided by the channel width is only about 2X. In view 
of the spanwise difference in Integral quantities, It was decided to try 
other schemes. 

We finally decided that further reductions of the effects might be 
obtained with a boundary layer fence such as the one used by Launder. 
In the end, three configurations were tried, these are shown in Fig. 
A-8. We used flow angle measurements to test the effectiveness of these 
schemes — no velocity profiles were taken. 

For the first experiment with fences, we used the configuration 
shown in Fig. A-8a, with fences mounted horizontally on the sidewalls, 
at the same height as the slots. This scheme produced flow angles on 
the test surface of about the same magnitude as the slots. Upon reflec- 
tion, we decided that this was due to the position of the fences on the 
sidewall. We speculated that both the sidewall slots and the fences 
used by themselves were doing an effective job of stopping the secondary 
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flow coming down the side well from above, but that our problem was 
coning fron side'-trall secondary flow generated »^lgw the slots and 
fences. The slots and fences were located 3.8 cm above the tunnel 

flow. Since the tunnel was 42 cm wide, this meant that the effective 

aspect ratio which they created (AR - 6:1) was apparently not suffi- 
ciently large. Tb increase the effective aspect ratio, we lowered the 
slots one inch on the sidewalls, as shown in Fig. A-8b. This arrange- 
ment, however, did not greatly improve things. Finally, we tried 
mounting low fences on the tunnel floor. This Increased the effective 

aspect ratio to 11:1. At first, this did not prove to be any more 

effective than any of the other configurations. However, a survey of 
spanwise static pressure sho%red that, while the static pressure was very 
uniform _2 the £tatic pressure between the fences and the sidewalls was 

0.10 X pU^ /2 higher than Che centerline wall static. This was in- 

pw 

terpreted to mean that the secondary flows were in fact stagnating in 
the regions close to the side walls. We also discovered that if a trip 
on a barrier was placed Just downstream and parallel to the leading edge 
of the fence, the flow angles were greatly affected. Finally, we de- 
cided that there was a small leading edge separation bubble on the fence 
and that this was thickening the fence boundary layer , as shown on the 
left, below, in Fig, A-9a. 

To avoid this separation bubble, we opened the first sidewall slot, 
which was Just above the fence leading edge. This changed the direction 
of the flow Just upstream of the leading edge and moved the separation 
bubble to the other side (see Fig. A-9b). Ibis action reduced the flow 
angles measured 12.7 cm off the centerline by a factor of two. 

Fin al D ata 

Figures A-10 and A-11 show flow angles measured at Stations 4 and 
9, with the last configuration described above. Although near the cen- 
terline the flow angles are not much affected, the angles at t “ 12.7 
cm are much less than with any other flow-control configuration. A 
complete survey of flow angles was taken and appears in the tabuxated 
data. Hie worst flow angles were at Station 8, and were about the same 
as those plotted for Station 9. 
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Flgur« A-10 is a plot of the spanwise distribution of noaentua 
thickness, which is much more uniform than obtained with the sidewall 
alote alone. There were no measurements taken at ± 12.7 cm because the 
boundary layers on the fences distorted the velocity profiles there. 

Finally, Figs. A-13 and A-14 show the variation of centerline 
integral properties in the streamwiae direction measured with slots only 
(A-13) and with fences (A-14). There is little difference between the 
two plots, leading us to believe that the secondary flows had been re- 
duced to an acceptable level. 
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Fig. A-4. Side-wall slot arrangement to control secondary flows on 
first experiment 



n y cm • 


CENTERLINE 
1 6.5 cm. 

113 cm. 


i ' \ 

' i ' 

\ -'s 


SKEW ANGLE, DEG 

Fig. A-5. Skew-angle profiles at Station 4 (after 20® of turning), with 
side-wall slots 


7.5 ^ 


n, cm. 


CENTERLINE 
1 6.5 cm. 
113 cm. 


/I » 

/\\\ 


' I \ 

/ I ' \ 

/ ' i \ 

' I ' '' 

/ ' V 


Fig. A-6. 


-15 -10 -5 0 +5 +10 +15 

SKEW ANGLE, DEG 

Skew-angle profiles at Station 9 (In recovery region) with 
side-wall slots 



<A> 


0.75 H 


0.50 H 


6 


2 


• 


• 

* 

• Stn. 9 

(RECOVERY) 

a 

• 



A Stn. 6 

(CURVATURE) 

A 

A 

A 




■ 

■ 


■ 

■ Stn. 4 

(CURVATURE) 


cm. 


SIDE 

WALL 


T 


T 


-20 -10 


SIDE 

WALL 


T 1 T 

0 +10 +20 


z, cm. 

Spanwise distribution of momentum thickness at three stations; 
data taken using side— wall slots to control secondary flows 


j 

j 

1 

1 



Fig. A-7. 


Curved test surface 

a b 

Fig. A-8 Arr augment of Fences 


Approach 

velocity 

vector 


Separation 

bubble 










Fence 


Approach 

velocity 

vector 



Fig. A-9 . Separation bubble on fence leading edge 


32 



SKEW ANGLE, DEG 
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Appendix B 

MEASUREMENT OF DYNAMIC PRESSURE ON A CURVED WALL 

On a flat wall, measurement of dynamic pressure Is straightfor- 
ward. The total pressure Is obtained from a total head tube, and the 
static pressure, which Is normally Independent of y and z, is 

measured on a wall at the same x location. 

For flow over a curved surface, the problem Is more complicated 
because the static pressure la a function of n, the coordinate normal 
to the curved surface. In our experiment, we chose to measure the 
static pressure at the curved surface and then to calculate the static 
pressure at the n location, where the total head tube was measuring 
the total pressure (see Fig. B-1), 



TRANSDUCER 

Fig. B-1. Measurement of Wall Static and Total Pressure 
in Boundary Layer 

To calculate the difference in static pressure between the wall and 
the measuring station, we first Invoke the boundary layer assumption 
“hat the static pressure field Is imposed by the potential core. For 
parallel flow, this is 

3n * ^ R(n) (B~l) 


Note the assumption of parallel flow 
curved boundary layer flows. 


is a good approximation in 
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where P. is static pressure, 
8 


is density, R is the local radius 


(Rq + n), 


of curvature 
distribution of 
cylindrical coordinates (see Ref. 39, p. 191). 


and U is the Inviscld velocity. 


The 


Up is obtained from the Irrotationality condition in 


u 


0 . 

R 3R R 36 


(B-2) 


Since Vp is assumed to be rero, Eqn. (B~2) reduces to 


d(RUp) 


(B-3) 


This integrates to 


U (n) 
P 


R 

— -- U 
R +n pw 
o 


(B-4) 


where U Is the potential flow velocity at the wall and R is the 

pW Q 

wall radius. With the distribution of Up in hand, we can substitute 
into (B-1) and integrate. This gives 

PU^ ■- 

p - p - - 

s sw 2 


1 - 


1 + (n/K 

o — ' 


(B-5) 


The above equation is not convenient for data reduction because 
Upw cannot be easily determined. It is a fictitious quantity. To 
eliminate it, we used another equation derived from considering the 
reading of a reference pitot tube outside the boundary layer. Designat- 
ing the reading of this pitot probe as , 

2 


sw 


U 

pw 

0 — ^ 

2 


(B-6) 


Combining Eqiis. (B-6) and (B-5) to eliminate U , we have 

pw 


p _ p 

s sw 


(P -p ) 
sw r 


1 + (n/R 

A — - 


Now, tl»e velocity at the measurement point is 

|V2 


U(n) 


P -P (n) 

t s 


(B-7) 


(B-8) 
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By using (B-7), we can finally get U in terms of measurable pressures: 


1 


I(P -p ) - (P -p ) 
P t 8w' r sw' 

1 1 

(1 + n/9.y_ 


) 


(B-9) 


The reader will doubtless notice that a third pressure, P^., which 
Is the total pressure In the potential core (not a function of n or 
s or t) appears. In practice, the pressure difference was 

measured at the start of a profile and at the end. In general, the 
drift was on the order of U. This drift was corrected for in the data- 
reductlon program by using a linearly Interpolated value of (^r~^sw^ ' 
The final confirmation of the whole procedure was the agreement of pitot 
probe and hot-wire velocity profiles. 
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Appendix C 

QATA-REDUCTION PROCiRAMS 


This appendix is included to show how the raw data were processed. 
There are tour programs: VELPRO, which deduces mean properties from 
pitot probe data, SHEIVO, which reduces data taken with an x-wire array, 
MIXLN, which uses an input mean velocity profile and shear stress pro- 
file to calculate mean velocity gradients, mixing lengths, and other 
values, and IMIRL, which reduces horizontal wire data. The programs are 
described and listed in the dissertation by J. C. Gillis, “Turbulent 
Boundary Layer on a Convex, Curved Surface," Mechanical Engineering 
Department, Stanford University, June, 1980. 


VELPRO 


This program, was written to be as easy to use as possible. It is 
designed to accept pitot probe data for a flow of air in common English 
engineering units (dynamic pressure in Inches of H 2 O and distance from 
the wall in Inches) and to yield mean velocities, ail integral thick- 
nesses, the inner coordinates (u^, y'*’) , and the skin friction. It is 
designed to reduce both curved-wall and flat-wall data — a fact that 


may make the coding hard for those used to flat walls to interpret. In 
the output, samples of which are shown in Appendix F, the only differ- 


ence is the column labeled U/U 


On a flat wall this would be called 


U/U or U/U 


edge* 


The program has a number of subsections which help to avoid inaccu- 
racies. First, the flow temperature ("F) and atmospheric pressure (in. 
Hg) are used to calculate an exact density from the perfect gas law, and 
the viscosity of air at the temperature of the flow is calculated by 
linearly Interpolating data from Keenen & Kay. Another refinement is 
the use of a variable value of (U on a curved wall). The 

program asks for the freestream dynamic pressure at the time the first 
data point is taken and at the time the last point Is taken, and then 
interpolates the free-stream pressure for each point. 


It has been found that the "effective" position of a pitot probe in 
a flow with a velocity gradient is slightly different from its geometric 
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center. The program calculates the "effective” distance from the wall 
(this appears In the output as YCAL) using the correlation developed at 
NIT by Young and Naas [41]. The "effective" y value Is used In calcu- 
lation of the Integral parameters. 


The program avoids problems caused by thin boundary layers. If the 
boundary layer being measured Is less than about one-half Inch thick, a 
standard diameter pitot probe (.020 In. or more outside diameter) cannot 
get data close enough to the wall to calculate accurate Integral param- 
eters. The program Identifies this problem automatically and treats It 
In the following way. First, the skin friction Is calculated and, from 
It, the inner coordinates u"^ and y^. If the lowest value of y^ is 
thirty or more, the boundary layer Is probably too thin to determine 
and accurately. The program then uses the following near-wall 

integrals first proposed by Coles [42]: 



540.6 



6546 


up to the data point nearest y^ = 50, and the trapezoid rule from then 
on. If the first data point is found to have a value of less than 
thirty, the program uses the trapezoid rule all the way from the wall to 
the freestream. 


The skin friction is determined by assuming that the law of the 
wail holds. With the exception of the Stanton tube, every generally 
used method of determining skin friction from a mean velocity profile 
(Preston tube, Clauser plots) uses this assumption. The program uses an 
iterative procedure which goes as follows. First, at every point in the 
prof Hi, a value of the friction velocity is calculated by assuming the 
law of the wall holds. This is done by rewriting the law of the wall 
as: 


u 

T 


U(y) 



5,0 
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since the RHi is only weakly dependent on u^, a guess (usually ■ 

2 ft/sec) combined with the measured values of y and U(y) will yield 
a good approximation to u^. Inserting this approximation in the RUS 
and recomputing will yield a better approximation, and so on to clo- 
sure. The program quits when successive values of differ by less 

than .001 ft/sec. The program then uses to figure a C|/2 for 

that y value. This Iterative calculation is then repeated at the next 
larger y. At that point the program has generated a profile of C£/2. 
Now, if the law of the wall really does hold over sc»e range in y, then 
over that range the values of C^/2 calculated above ought to be the 
same. Over a flat, smooth wall, this range Is approximately y^ * 30 
to y “ 225 (for a curved wall it Is less, approximately y * 25 

to y"^ » 90). The program uses the "profile” of approximate C^/2 to 
calculate a y value for each y value. It then locates the range 
of «• 30 to y^ ® 225 (on a flat wall — for curved walls the range 
used is 30 to 90), and then averages the values of Cj/2 in this range. 
This value is then taken as the actual value of 0^/2, and the u^, 
values are then recomputed in the normal manner. The values of C^/2 
used In the averaging process are then checked for scatter. If any of 
the averaged C^/2 values are more than 2% different from the average, 

the program prints out a message — LARGE SCATTER IN COMPUTED 

VALUES. The program also prints out the C^/2 profile. Output should 
always be checked to make sure that the log zone has been properly 

identified and that the average value (printed out next to the momentum 
thickness Reynolds number) is reasonable. Also, if factors such as 

roughness or very strong pressure gradients move the log zone, new y 
values for the estimated log zone should be put In the program. The 
present program could be Improved in its procedure for determination of 
the log zone. With some effort, a section could be designed to search 
the profile to find the region where it is constant, without any 

reference to the Inner coordinates. 

The Input nomenclature is shown in Table C-1. 
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T«bl« C-l 


Input Noacnclature for VELPRO Quantities 
Listed in the Order They Are Read 


Input Data 

Name in Code 

Units 

Nuaber of profiles to be 
reduced 

NDS 

— 

Title — any title of up 
to 72 characters 

TITLE(I) 

— 

No. of points in profile 

N 

— 

Flow temperature 

TEMP 

Op 

Atmospheric pressure 

ATP 

in.-Hg 

Free-stream dynamic pressure 
at time of first point 

POB 

In.-HjO 

Free-stream dynamic pressure 
at time of last point 

POE 

In.-HjO 

Outside diameter of pitot 
probe 

OD 

ins. 

Reciprocal of wall radius 
of curvature 

K 

(ins.)"^ 

Distance from wall 

Y(I) 

ins . 

Measured dynamic pressure 

TRPR(I) 

in.-H20 


43 








SHE TWO 


SHETWO reduces the output of a rotatable x-wire using the analysis 
of Appendix D. this program was not Intended to be a general-purpose 
routine like VELPRO, and the input is pretty much limited to the data- 
acqulsltlon system described In Appendix D. Hie Inputs to the program 
are: 

1. NFS No. of points In the profile. 

2. Cj^ The multiplicative constant in the linearized hot-wire 

equation. 

3. UTAU The friction velocity from mean-velocity data (ft/sec). 

4. UPW The freestream (or wall potential) velocity (ft/sec) 

3. DEL The boundary layer thickness in the same units as Y. 

6. DISP The displacement thickness (ins). 

7. MOMT The momentum thickness (ins). 

8. RE The momentum thickness Reynolds number. 

9. TIME The integration time (sec). 

10. PHIONE and PHITWO — The wire angles as defined in Appendix D 
(deg) . 



MIXLN 


This progrsB, like VELPRO, is a general purpose routine designed to 
compute velocity gradients from an input velocity profile. To do this a 
SC IP library subroutine, ICSSCU, is used. This subroutine fits a cubic 
spline near but not necessarily through the data points. Hie amount of 
smoothing which is done can be controlled from the driver program MIXLN, 
by adjusting the value of the parameter SM. 

If a shear stress profile is input with the mean velocity profile, 
the program will not only calculate the mean velocity gradient, but also 
the mixing length, the turbulence production, and the ratio of the eic- 
perlmental mixing length to the standard mixing- length distribution, 
assuming an value of 25. Also computed is the eddy Reynolds num- 
ber, defined as: 

/Uv I uv 
^eddy v 

3y 

If, as is usually the case, the points where y values of the shear 
stress profile are not coincident with the y values of the mean veloc- 
ity profile, the program uses the cubic spline to calculate both the 
mean velocity and the mean velocity gradient separately. 

WIRE 

HWIRE reduces the data from a horizontal wire. It is basically the 
same program as VELPRO, but the data reduction uses the linearized equa- 
t Ion 


U - C^E + 


for velocity. Besides the quantities calculated by VELPRO, the program 
also calculates the relative turbulence intensity: 


TURBIN 



U 

pw 


C 



1 D~ 


pw 


The program will also calculate the isotropic dissipation if the 
time derivative of the fluctuating hot-wire signal, de/dt. Is Included 


145 


In the input date. The quantity printed out aa DISP In the output la 
actually 


DISP - 

u -*6 

T 

The dlaalpation, e, la calculated from the aasia&ptlon of amall-acale 
iaotropy and Taylor'a hypotheala. 


e 




The Inputs for WIRE are the sane as for VELPRO, except that mean 
voltage Is read in Instead of mean dynamic pressure, and in the two 
fields following are the true RMS fluctuating voltage and the time- 
differentiated fluctuating voltage. 
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Appendix D 

QUALIFICATION OF X-WIRE TECHNIQUES IN A FULLX DEVELOPED CHANNEL FLOW 

A pair of crossed hot wires can, in principle be used directly to 
measure the Reynolds stresses. For this experiment, however, we chose 
to prove our techniques by measuring the Reynolds stresses in a turbu- 
lent channel flow, where the shear stress distribution is known. This 
appendix will first describe the analysis which relates the fluctuating 
wire output to the Reynolds strsses, then describe the actual instru- 
ments used, and finally present the data measured In the channel. 

Data Reduction 

After linearization, the output voltage of each wire Is related to 
the flow ’elocity by the calibration equation (for definition of vari- 
ables, see Fig. D-1), 


U - Cal 1 • E + Cal 2 (D-1) 

meas 

where Cal 1 and Cal 2 are constants. The hot wire responds as if It 
were being acted on by a velocity, ^gff» which is defined by Jorgen- 
son's relation [42]. 

Ugff - 1^2 + (D-2) 

^2* ^2' ''^2 velocities in wire coordinates; that is, U 2 is 

the compnent of Umeas which Is perpendicular to the wire and ^srallel 

to the prongs; V 2 Is parallel to (along) the wire and in the plane of 

the prongs; and W 2 Is perpendicular to the wire and the prongs. U 2 , 

V-, and are related to U__ by the cosine law: 

z l meas 


U 


2 


U 

meas 


cos 4> 


V 


2 


U sin 
meas 


(D-3) 


W 


2 


0 
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In practice Che wire is aligned prior to meaaurenent so that , for 
Che aean velocity, Che above relationa hold. Substituting (D~3) into 
(D-2) relates to 

- (cos^ ♦ + sln^ ♦) (D-^) 


In unsteady flow, both and have mean and fluctuating 

components. The task of relating the fluctuating component of ^eff 
Co Che turbulence quantities was carried out by Anderson [44]. He gets, 
for U » V, 





AU^ + 2 AU 2 U + DU^v + FU w^ 


where 

2 2 2 

A “ (cos (j) + kj^ sin <f>) , 

2 

D ■ (1-kj^) sin 24> cos 9 , 

F ■ (l“k^) sin 2<i sin 6 , 

where ^ is the pitch angle as shown in Fig. D-1 and 6 is the roll 
angle . 

2 

Returning to the expression for ^he square root of the RHS 

can be taken by first dividing through by the large tern (AU^) and 
then using the binomial theorem. This results in 


■ /AU +/Au + v + w 

eff meas 2 /a 2/A 


(0-5) 


Now we define 


u 


eff 


eff meas 


Then 


u 


eff 


y-i ^ 0 ^ 

»A u + V + — w 

2/a 2/a 


(D-6) 


(D-7) 
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j 


Table D-L 

i 

Ratio of Difference between Meaaured and Predicted 
[ uv to Square of Friction Velocity* 
















Fig. D-1. Coordinate system for analysis of hot-wire signal 



Fig. D-2. 


Block diagram ol Instruments for Reynolds stress measurements 
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The AC component of the output of the linearlzer Is related to the 
fluctuating component of by 


3U 


eff 


eff 


3E 


(/I Cal 1) e 


(D-8) 


Inserting (D-8) into (D-7) given 


e 


1 r D . F "1 

f— •— 1 


(D-9) 


(D'9) is the basic equation which is used in the data reduction. When 
tw wires (a and b; are used with 4* “ ^5° for both and 9-0® for 

one and 180® for the other, the AC outputs can be correlated as 


(a+b)(a-b) 


/ y \ 2 

1 - 

k? - 

( ^ \ 

1 — 

\Cal 1/ 


, 2 , 



In our case, a DISA turbulence processor was used to do the cross- 
correlation. However, a True RMS meter could also be used since 


(a+b)(a-b) = - b^ 


r>nd this scheme was also used In the channel tests. 


Equipment Used 

Figure D-2 shows, schematically, the layout of sensors and instru- 
ments used to measure the turbulent stresses. The output of the anemom- 
eter bridges was linearized, fed to the turbulence processor (which 
performed the cross-correlations discussed above), and the resulting 
signal was time-averaged using an integrating digital voltmeter. 

sensor tip was mounted in a probe holder which allowed the sen- 
sor to be rotated around an axis parallel to the prongs. The x array 
could be located in the x-y plane or Che y-z plane. This allowed 
us, in practice, to measure the y-z Reynolds shear stress (uw) and 
the y-z Reynolds normal stress. Hie rotating feature was also useful 
during qualification — either of the two wires could be used as a ro- 
tatable slant wire to measure the Reynolds stresses Independently. 
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Measurements in the Channel 


The channel flow we used has been described (and measured) in de- 
tail by Hussain (A5J. The flow is known to be fully developed and very 
two-dimensional. The shear-stress distribution la 

dP 

uv - p (1 ~ y/hl (n-11) 

where dP^/dx is the total (or static) pressure gradient, h is the 
channel width and y Is the distance from the wall. The pressure gradi- 
ent was measured by taking static pressure measurements at two stations, 
using a Combist mlcromanonieter . The results are shown in Fig. D-3. The 

value of uv measured with the x-wire is always within ± ^3 u of 

2 ^ 

that calculated troni Eq. (D-ll). In addition, values of u and of 
V compare well with those measured by Tasiim [46] in the same channel, 
as shoim in Figs. D-4 and D-5. 

During these qualification runs, it was discovered that very long 
averaging times were necessary to avoid large scatter In the data, the 
minimum acceptable time was 30 sec. For this reason, long averaging 
times, i.,p to 100 sec., were used during curved-flow data acquisition. 

As a further check on the accuracy of measurement , a shear stress 
profile were taken in which the x-wire array was used in several inde- 
pendent ways. Each of the two wires was used as a rotatable slant wire, 
an RMS meter was substituted for the DISA turbulence processor, and each 
of the x-wires was used both at zero and at 180°. All the measured val- 
ues should agree, and Table 0-1 shows that the difference between meas- 
ured values and values calculated from Eqn. (D-ll) Is always less than 
2 

3 X ■'*' u^ at 20:1 odds. Tl»e agreement was satisfactory for all con- 
figurations . 


lf)0 





Centerline 


& 



• r. 

L - h 

• 0 



0. 1 




1 


• 0 






«• 


A 


e 


. c 

0 


oil oTi oTs 


X -wires 


Pe^- 15960 
n 

Re, -22 300 

n 

Re^-28500 

n 


• DISA 55P53 
«»^TSI 1243 

o DISA 55P53 
□ DISA 55P51 

ODISA 55P53 
,e TSI 1243 


Re. -33000 A OILUS 

n 

(Kj-0.30) 

Larger symbols locate points 
to show scatter. They are not 
data points. 

oTt o7i oTi TTo 


y/h 


Fig. D-4. 


Plot of u’/u 

T 


measured in channel 


Wall 



e 


^ o 
O ^ 


e 


B 


B 


© § 


e g 

o 


Q 


Re -15900 
n 


Re. -22200 

h 


Re -28500 

n 


Re^-33000 


O 


© 

o 


O ® 

o o 

B A 


X-Wlres 


{o 

{s 


DISA 55P53 
TSI 1243 


DISA 55P53 
DISA 55P51 


DISA 55P53 
TSI 1243 


O GILLIS 


(Kj- 0.30) 


I — 

0.8 


0.3 n.4 


0.5 


0.6 


0.7 


0.9 


Plot of v'/u measured in channel 

T 



Appendix E 


FLOW-ANGLE ^ffiASUREMENTS 

Because Che flow over Che convex surface is so senaicive Co second- 
ary flows, we decided ic was wise Co measure Che flow angle aC various 
poinCs across Che boundary layer. To do Chis we fabricaCed a cwo-hole 
or Conrad probe, Che business end of which is piccured in Fig. E-1. 

For such a probe, Che pressure difference becween Che Cwo channels 
should be a linear funcCion of flow angle — ac lease for small ang- 
les. The response of che probe is shown in Fig. E-2. 

Because Che slope of calibraclon curve is a funcCion of Che local 
flow speed, Che following procedure was used. Firsc Che probe was 
raised inco che free scream and a poinCer, accached to Che probe shafe , 
was sec to read zero degrees. Then the probe was moved into the bound- 
ary layer, and, at every measuring point, the probe shaft was rotated 
until both tubes read the same pressure. The flow angle relative to the 
free stream was then read off Che pointer. It should be noted, however, 
that in all cases the free stream flow was parallel to the centerline of 
the passage within a few degrees. 
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RELATIVE FLOW ANGLE 


Fig. E-2. Calibration curve for Conrad probe 
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Appeadlx F 

STANS SUBROUTINE AUX AFTER CURVATURE MODIFICATIONS 


Implementation of the Curvature Model 

There are four groups of statements which hav been Introduced or 
modified In Subroutine AUX to model the effects of curvature on turbu- 
lence. 


The first group Is between lines AUX00270 and AUX00280. This group 
of statements Is executed only on the first integration and guesses the 
value of and related parameters. Is taken to be the same as 

and Is taken to be the displacement thickness 62 . The pro- 
gram also uses the values of the previous two Integra- 

tions; and, for the first time step, these are taken as ( 6 - 62 ). This 
group of statements does not figure In subsequent integrations. 

The second set of curvature statements Is between AUXOIOOO and 
AUX01020. First the values of from the previous three inte- 

grations are averaged (this step is taken to improve the stability of 
the model), and the average value, ALAMA, is used to set the outer layer 
mixing length as ALAMA/10. 

Between statements AUX0124 and AUX0125 is a statement which deter- 
mines the value of t (called TPL(I)) at each point for later use. 

The fourth group of statements concluded for curvature comes be- 
tween AUX01560 and AUXOlbOO. This group determines 6 , and then com- 

Si 

putes 6 ^^. The first set of statements, 1657 to 1667, finds the value 

of y where the stability paran'eter s has a value of 0.11. If the 

wall has convex curvature (CW < 0), then this y value is taken as 

and the program skips from 1673 to 1711 to compute 6 * . If the 

si 

wall Is flat (CW = 0) , then statements 1674 to 1710 determine 6 

si 

from the TPL(l) profile by the method shown in Fig. 61, and as described 
below. 


Then the 


In the code, the 
+ 


profile Is first searched to find t 


max 


profile is searched again to find points which have 


values between 0.40 * 
+ 


0.65 T 


max 


with half width 


and 

0.25 t 


0.90 

+ 

max ’ 


max 


in a band centered at 


If there are fewer than three 
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T 

I 


points In this range, the band is widened by a factor of 1.25 end the 
profile is searched again. When four or Bore points have been found, a 
leaat-aquares routine is used to fit a straight line through them in 
the plane. The intersection of this line with the y axis can 

be computed directly (statement 1707) and is taken as 

* 

Once has been determined, is computed in statements 

1712 to 17A2. 


Program Nomenclature 



SLT 

DISSHR 

TPL(I) 






This integration 
Last integration 


(<5 1-6 i) 

Two integrations ago 
Average of ALAM, PLAM, & PALAM 


ALAM 

PLAM 

PALAM 

ALAMA 


STAB(I) 


1/Ro 


CW (interpolated value) 

CBC (boundary condition read) 


In addition, small modifications were made to the input subroutine and 
the driver program. Tt> read the wall curvature boundary conditions, the 
read statement for boundary conditions, which normally reads. 


90 READ 9(5,580) SIM), RW(MO) , AUX2(M) , AUX2(M) 


was modified to read 


90 READ95,5800 X(M) , RW(M) , AUX2(M) , AUX2(M) , CBC(M) 
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In the driver progran (sein) , • etetement vas added to Interpolate the 
local value of wall curvature at the * location of the Integration 

fro* the boundary condition valuca of wall radlua (CBC(M)) read. Ihla 

la 

CM - BCB(M-l) + (GBC(M) - ClC(H-l)) 8 (XU-X(M-l))/(X(M) - X{M-1)) 

Alao, the free conatant BXX waa not equal to the dlaplacement thick- 
ness, DGL2, right after statenent 519 in laala. 

Finally, the coonon block ADO was enlarged by adding CBC(IOO) ,CW 
after ITKE. 
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SUBROUTINE AUX AUXOOOOO 

C AUX00010 

INTEGER GEOM. FLUID. SOURCE(5». SPACE, BOOFOR. OUTPUT, TYPBC AUX00020 

COW;OM/GEM/PEI,AMI,AME,DPOX,XU,XO,XL,OX.lNTG,CSALFA,TtP8C(5», AUX00030 

1MOOE,PRT(5»,PRE,NXBC.X( 100 » ,RHM 00 > ,FJ( 5, 100 I ,GC ,CJ , AM( 100), PRO. AUX00040 

2UG( 1 00 ),PO, SOURCE, RETRAN, NUNRUN, SPACE, RUO.PPLAG, OUTPUT, OELTAX.GV AUX00050 
3/E/N,NPi ,NP2,NP3,NEO,NPH,KEX, KIN, KASE.KRAO.GEOM, FLUID. BOOFOR.TPMINAUXOOOOO 
4/GG/BETA,GAf1A( 5 ) , AJK 5 ) . AJE( 5 ) ,INDI( 5 ) . I^«)E^ 5 I ,TAU,QWF( 5 ) AUX00070 

S/V/U(54).F(5,54l,Rt54l,Om54),Y(54),UGU.UG0.UI.FI(5>,F«EAN,TAUH AUXOOOOO 

6/U/SC(54),AU(S4>.BU(54l,CU(541,AI5,54),B(S,54l,C(5,54),SU(5.54),50AUX00090 
7/L/AK,ALMG,ALMCG,FRA,APL,BPL,A(},aQ,EMU(54),PREF(5,54),AUXm AUXOOlOO 

O/LI/YL, UMAX, UMIN.FR, TIP, TEM.ENFRA, KENT, AUXH2 AUXOOt 10 

9/P/RHO(54l,VISCO(54),PR(5.S4),RHOC,VISCOC,PRC(5),T1S4),RHOn,BFI54)AUX00120 
1/0/H,REM,CFi‘ ,ST(5I,LSUB,LVAR,CAT,REH,PPL,GPL,(IW(5I,K0 AUX00130 

2/CN/AXX , BXV , CXX , OXX , EXX , K I , K.2 . K 3 . SP( 54 1 , AUX 1 ( 1 00 ) , AUX2 1100). YPMAX AUXO0 1 40 
3/ADO/RBOM( 54 t ,0f10l 54 ) .ROMOl 54 ) , ITKE ,CBC( 100 ) ,CEFF( 54 1 ,CLAG ,CURV. AUX001 50 
4CW,PL(54) 

DIMENSION DVI54),SHR(54),STAB(54),VELGR0(54),TPL(54) AUX00160 

C ... AUX00170 

ITKE^I AUX00175 

UGG=U( ! )4FLO/iT(KEX-1 )»(U(NP3)“U( 1 )) AUX00160 

RHG = RHO( 1 )*FlOAT(KEX-t )•( RHO( NP3 ) 'RHO( 1 ) ) AUX00190 

AMH--AME*FLOAT(KEX-1 )»(AME*AMI) AUX00200 

RHW-RHO(NP3 »*FLOAT(KEX-) )»(RHO( 1 )-RHO!NP3) ) AUX002I0 

VISU:VISC0(NP5)+FL0ATIKEX-I )*( VISC0( 1 )-VISCO(NP3) ) AUX00220 

UTAU=SQRTlGC»rAUW.-'RHW) AUX002 30 

YPUT=RHU»UTAU/VISW AUX00240 

KTHRU^O 

IF (INTG.GT.n GO TO 10 AUX00250 

KOUNT=0 AUX00260 

IF (MOOE.EQ.2) KOUNT=l AUX00270 


CURVATUPE MODIFICATION - 
SLT^YL 
OISSHR-BXX 
AL4M=SLT-OISSHR 
PLAM^ALAM 
PZLAM^PLAM 
ISLT=N 
REMS-REM 


- GUESS INITIAL VALUES OF PARAMETERS 


1 RAVG = R( 1 I AUX00280 

EHOAV = RHOM ) AUX00290 

VISAV^VISCOI 1 I AUX00300 

KTURB^O AUXOOSIO 

IF INPH.EQ.O.ANO.MOOE.EQ.2.ANO.K2.NE.2)WRITE(6,6) AUX00520 

IF(K2.Eq.2.AUD.MOJE.EQ.2)WRITE(6,9) AUX00330 

IF (UPH.EQ.O. AND. MOOE.EQ.2. AMO.KO.lt. 2) WRITE<6,7I AUX00340 

IF (MPH.EQ.O.AMD.MOOE.EQ.2.AMO.KD.GE.2) WRITE(6,8) AUX00350 

IF (NFH.EQ.O) GO TO 10 AUX003r>0 

jTKE=0 AUX00S70 

00 5 J^I.NPH AUX00380 

IF (SOURCE! JI.EQ. 2) JTKE-J AUX00S90 

IF ( J. EQ. JTKE . AMD .MODE .EQ. 2 ) WRITE (6.4) AUX00400 

IF ( J.EQ. JTKE . AMO.MCOE .EQ.2 . AMO.K2.FQ.2 ) WRITE (6,3) AUX004I0 

3 FORMAT!//' K2 SHOULD MOT BE SET EQUAL TO 2 ' // ) AUX00420 

4 FORMAT! ' FLOW IS TURBULENT AND PROGRAM IS USING TURBULENT' AUX00430 

1/' KIMETIC-EMERGY TO EVALUATE EDDY VISCOSITY. EXCEPT IN THE'/ AUX00440 
1' WALL FUNCTION WHERE MIXING-LENGTH IS USED. NOTE THAT THE'/ AUX00450 

1' PRINTED-OUT VALUES OF TKE HAVE NO MEAIC.NG IN THE NEAR-WALL*/ AUX00460 

)' REGION, I.E., FOR Y* LESS THAN B*, OR ’‘A*.'/) AUX00470 

5 IF ( SOURCE! J I .EQ.2 ) KTUPB=! AUX00480 

IF (MC3E.EQ.1) GO TO 10 AUX00490 

IF !KTUPB.EQ.0.At!D.K2 NE 2)WRITE (6,6) AUX00500 

IF (K0.LT.2I WRITE (6,7) AUX00510 

IF (KD.GE.2! 'WRITE (6.8) AUX00520 

6 FORMAT! • FLOW IS TUREUIENT AMO PROGRAM IS USING THE PRAFWTL MIX-' AUX00530 

('■ TMT.-I FMr.TM H'POTHESIS TO EVALUATE EDDY-VISCOSITY '/ 1 AUX00540 
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7 F0Rt1AT( • THE VAN DRIEST SCHEME IS BEING USED TO EVALUATE* AUX00S50 

1/* THE niXING-LENGTH OR LENGTH-SCALE OAHPING NEAR THE HALL. '/I AUX00560 

a FORMATC THE EVANS SCHEME I* BEING USEO TO EVALUATE THE* AUX00S70 

1/* MIXING- LENGTH OR LENGTH-SCALE DAMPING NEAR THE HALL.*/» AUX00580 

9 F(WMATC * FLOH IS TURBULENT AM) PROGRAM IS USING the CONSTANT*/ AUX00S90 
1* EOOT DIFFUSIVITT OPTION IN THE OUTER REGION*/) AUX00600 

C AUXOOStO 

to KTHRU^KTHRUtl 

DO 89 1:2, NPI AUX00620 

TM*0.5»(T(I*nfT(in AUX00830 

IF (KEX.EQ.n YMsT(NP3)-TM AUX006A0 

IF (FLUID. EQ.n GO TO 12 AUXOOASa 


RAVG:0.5»(R(I)*R(I*1 I) 
RHOAV:O.S»(RHO(I(*RHO(I^I n 

viSAv:o.s*( visco( I ifviscoc i«n ) 

(E EMUT=0. 

DV(II = 1 . 

IF (MODE. EG. I I GO TO 50 

KOUNT:KOUKT*1 

IF (KOUNT.EG.I ) GO TO « 

IF (KASE.EG.2) GO TO 25 


VAN DRIEST DAMPING FUNCTION 
APL. 6PL COMPUTED IN HALL 


AUX00660 

AUX00670 

AUX00680 

AUX00690 

AUX00700 

AUX007IO 

AUX00720 

AUX00730 

AUX007A0 

EOOT VISCOSITY DAMPING TERM AUX00750 

AUX00760 
AUX00770 
AUX00780 
AUX00790 
AUX90800 
AUX00810 
AUX00820 
AUX00630 
AUXOOa^O 
AUXOOSSO 
AUX00860 
AUX00870 
AUX00830 
AUX00S90 

PRAICTL MIXING LENGTH AUX00900 

AUX00910 
AUX00920 
AUX00930 
AUX009<»0 
AUXC0950 
AUX00960 
AUX00970 
AUX00980 
AUX00990 
AUX01000 


IF (FLUID. NE.n YPUT:SQRT(RHOAV*TAUM«GC)/VISAV 
YLOC=TM»YPUT 
IF (K0.6T. I) GO TO (5 
IF (YLOC/APL.GT.tO. I GO TO 25 
0V(I|:| .-( ./EXP(YLOC/APLI 
GO TO 22 

...EVANS DAMPING FUNCTION 
15 0V( I l = YLOC/BPL 
20 IF(DV( I I.GT.1 . 1 DV(1 1 = 1 . 

...LOWER LIMIT VALUE DAMPING TERM 
22 IF (0V( I ).LT. 0.0001 ) DV(I|:0.0001 
25 CONTINUE 


IF (I.GT.21 GO TO 30 
IF (GE0M.EG.9.0R.GE0M.EQ.5) GO TO 30 
IF (REM.LE. 100. .0R.K2.EQ.3) GO TO 30 
.EMPIRICAL CORRELATION FOR ALMG FOR HALL FLOWS 
.THIS CORRELATION THEN OVERRIDES THE INPUT ALMGG 
AMOR = AnE/RHO( I I 

IF (KIN. EG. 1 I AMOR:Af1I/RHO(NP3) 

ALMG:ALMGG»( I .-67.5»AM0R/UGU) 

IF ( ALMG. LT. ALMGG I ALMG = ALMGG 
.COMPUTE MIXING LENGTH 


CURVATURE MODIFICATION TO WAKE MIXING LENGTH 
ALAMA^l ALAM»PLAM«P2LAM)/S. 

30 AL:AIMG«ALAMA»1 .1765 
ALMAX^AL 

C 

IF (KASE.EQ.I.ANO.YM.LT.AL/AKI AL:AK»YM 
IF(KASe.Eq. 1 .ANO.K2 .E0.2 IAL = AK»YM 
IF (KTURB.EQ. 1 . AND .KA5E .Eq. 2 1 60 TO 60 
IF(KASE.EQ.2IGO To 35 
TTKE = T( I )»TPUT 

IF (KEX.Eq. 1 )TTKE = ( Y(NP3)-Y< 1*1) 1»Y/UT 
IFCKTURB.EO.I .ANO.KO.LE. 1 .AN0.YTKE.GE.2.AAPUCO TO 40 
IF(KTURB.Eq.1 .ANO.KO.GE.2.ANO.YTKE.CE.BPLIGO TO 40 
35 EMUT=RHOAV»AL»AL»ABS( ( Ul 1*1 )-U( 1 1 )/( T( lAl t-Y( I » I )»OV( I (•0V( 1 1 
PLl I l = AL/YL 
SP( 2 l^BXX 
bP( 3I = SLT 

IF(K2.NE.2.0R.KASE.Eq.2 IGO TO 36 
EMUTC:( Aa»PEM»<tBqi*VISAV 
IF ( EMUT . GT . EMUTC IEMUT = EMUTC 
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IF(tt1.GT.0.4»TUEMUT*EMUTC 
M IFIKTUPB.NE.IIGO TO 50 

C ADJUSTMENT OF TKE IN NEAR-HAU REGION 

FJJAVE^I ( AK»EMUT l/( AQ«RH0AV*AL«0V( 1 1 ) l««2 

F( JTKE.l UFJJAVE 

ITKE=I 

IF (KEX.EQ.t.ANO.ITKE.EQ.n ITKE^I 
GO TO 50 


C COMPUTE EOOr VISCOSITY USING TURBULENT KINETIC ENERGE EON 

40 FJJAVEsABS(0.5«IFC JTKEiI^I l*F(JTKE>I)n 
CMUTsAQ"RHOAV»AL»OV( I lASORTC FJJAVE 1/AK 
C - EFFECTIVE VISCOSITY 


50 £MU(1I = EMUT»VISAV 

IF (NPH.EO.O.ANO.KASE.EO.H T(n=AB5<EMU(I)»(U(I*n-U(in/ 
1(T(1*I )-Y(I)n/(GC»TAUHI 

TPU I l=ABSI EMUd l«(U( !♦» )-U( I M/l YI I»1 »-YI II > )/IGC«TAUUI 
VELGPOI I ) = (U( I»l l-U(I I )/( Y(I*1 l-mi) 

IF (NPH.EQ.O) GO TO 89 

C - TURBULENT PRANDTL/SCHMIOT NUMBER 

EDR=EMUT/VISAV 
DO 68 J=1 .NPH 
IF (MOOE.EU. 1 I GO TO SO 
JPHI-I 

IF (SOURCE! JI.GT. 01 JPHI=SOURCE( J 1 
GO TO (62,60.62,62), JPHI 


, . .STAGIMTION ENERGY EQN, TURBULENT PRANOTL NUI«ER 
62 PRTJ:PRT(J) 

IF (KASE .E0.2 .OR.K3.E(>.3) GO TO 70 
...THE F0LL0UIN3 IS THE FREE CONSTANT IN THE TURBULENT PRANOTL 
...NUMBER EQUATION. EXPERIENCE MAY SUGGEST A DIFFERENT VALUE. 
CT = 0.2 

PfcTC = EDR»CT»( PR( J. I*( )*PR( J,1 11/2. 

IF( PETC. LT. .001 IPETC=. 001 
IF(PETC.GT. 100. IGO TO 69 
ALPHA:SQRT( I ./PRTJ 1 
AOP-ALPHA/PETC 
IF(AOP.GT.10. )AOP=10. 

PRTJ^I ./( I ./(2.»PRTJI*ALPHA«PETC-PETC»PETC»( 1 .-EXP( -AOPI ) ) 
GO TO 69 


C TURBULENT KINETIC ENERGY EQN, TURB PRANOTL NUMBER 

68 PRTJ::FRT( J 1 

C EFFECIVE PRANOTL/SCHMIOT NUMBER 

69 IFIKIN.EQ. 1 . ANO.I.E0.2 IGO TO 88 
IF(KEX.EQ.1 .AN0.1.EQ.NP1 IGO TO 68 

70 PREF( J,I ):( 1 ,0*EDR l/( EDR/PRTJ* 1 . 0/( 0 . 5»( PR( J . !♦ 1 )«PR( J.I) II ) 
GO TO 88 

C LAMINAR EFFECTIVE PRANOTL NUMBER 


60 PPEF( J,I |r0.5»(PR( J,I*1 UPR(J,II) 

88 CONTINUE 

89 CONTINUE 
T1 1=0.00 

IFICU.GE .0.01 GO TO 91 
DO 90 1=2. NP' 

IF( II 1 .6T.0 .0 ! GO TO 90 

VELGFOl I l = (U(I l-U( 1-1 I )/( Y( I l-Y( I-l 1 1 

5TAB( I l = CWU( 1 l/VELGR0( 1 1 

IF(STA6(II.GT.-.I1 I GO TO 90 

Y1 |:( - . 1 l-STAB( I- 1 I l/(STAB( II-STAB(I-1 II 

SLT=T1 1»( Y( I l-Y( 1-1 tl*Y(I-1 I 

90 CONTINUE 

91 P2LAM=PLAM 
PLAM-SLT-OISSHP 
IF(Y11 .GT.OI GO TO 102 
NPSHR--NP1-1 

tauma:< = o.O 

nn O', T T 1 , Mpcuo 
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91 IF(TPUIt.GT.TAUtlAX) TAWIAXaTPUIl 
CNTR=0.6S 
BANO=0.2S 
93 KLUNK^O 
NFlTsO 
sumso.o 
sunz^o.o 
surts^o.o 
suri9:0.0 

00 9^ Isl.NPSHB 
UPPER:< CNTR4BAN0 l»TAUMAX 
A LOHR = ( CNTR -BAND I »T AUMAX 
IFCKLUNK.GT.O » GO TO 99 
NSPC-NP1 ' X 

IF< TPU NSBC t .GE . ( 0 . 9S*TAl*1AX » ) XLUW=1 
IF(TPL(NSRCI.GT. UPPER. CV.TPHNSRCI. IT. ALOHR» GO TO 99 
NFITSNFIT41 
SUtU-SUm4Y(NSRCI 
SU«2=SUM2*TPL( NSRC I 
SUni-SUM34TPU NSRC IaTCNSPC I 
SUri9=5UM9*TPL( NSRC l«»TPL( NSRC I 
99 CONTINUE 

ANUM=SUHS-( sum "SUnS/NF IT I 
0ENUH=SUri9-( SUM2»SUN2/NFIT I 

IF(OENU«.LE.O.OI WRITE(6,96J ( I,Y< I ),U< I ItTPU 1 »i Ie|,NPSHHI 
IF(BANO.GT. 0.501 GO TO 100 
IFIOENUtl.GT.O.O.ANO.NFIT.GT.E » GO TO 100 

96 F0RMAT(2X,I3.9X,F9.5.9X,F7.Z,9X,F7.9I 
BANO=CANO»l .25 

GO TO 93 

too SLT = (SUMI-5UN2*(ANUt1/OENUmi/NFIT 

IFIINTG. GT.19.AN0.INTG.it. 301 HRITE16,97I ( I . Yl I ) «U( 1 1 1 
1TPU I l.VELGROI I ),PL( 1 1. 1 = 1 .NPSHR) 

97 FORMAT ( 2X,I3.9X,F9.S.9X,F7.2,9X,F7.9,9X,F7.0,9X.F7.9l 

102 IKSLT.G1 . 1 .2»YL) SLT=I.2»YL 

C FIND NEU OELTASTAR BASED ON SHEAR LAYER THICKNESS 
C FIND NEW FDGE VELOCITT 

KSLT=0 

00 103 1=2. NPI 

IFIKSLT.EQ.O.ANO.Ydl.GT.SLTI ISLT=I 
IF(Y(Il.GT.SLT> KSLT=1 

103 CONTINUE 
IFIKSLT.EQ.O) GO TO 105 
USLT=UGU 

OISSHR:( t ,-U( 2 l/USLT )*( Y( 2 1/21 
DMOMT=( U( 2 )/USLT 1»DI5SHR 
ISLT1=ISLT-1 
DO 109 I=S.ISLTI 

OISSHR=OISSHR*( ( 1 .-U< 1-1 1/USLTU1 1 .-Ul I l/USLT » I 
1»( Y( I )-T( I-l I 1/2. 

OMTt = <U( I l/USLT )•! 1 .-(U( I l/USLT 1 1 
0MT2 = (U( 1-1 l/U( ISLT I !•( 1 . -(U( 1-1 l/U« ISITI 1 1 
109 DrOMT=OMOMT*(OMT1 *0MT2 !•( Y( I l-Y( 1-1 ! 1/2 . 

0155HR=0ISSHR»( 1 . -U( ISLTl l/USLT !•( SLT-Y1 ISLTI I 1/2. 

OMINC = (U( ISLTl l/USLT l•M .-U( ISLTl 1/ USLT !•( 5LT- Y( ISI TI I 1/2. 

OMOMT=OMOMr»GMINC 

RFMS = OMCMT»U5LT»BHO( 1 l.'VISCOI I I 

105 IMKSLT.tO.O I OISSHR = BXX 
ALAMsSLT-OtSSHR 

IF( INTO. GT.O. ANO.INTG.lt. 2991 URITEI6.106I INTO .SLT .OISSHR , 

1 YL.NFIT,PEnS.ALM*X,KTHRU 

106 FORMAM IX, ■ INTO = ' , 19 ■ 3X, 'SLT *' .FB.5 * 3X , 'OISSHR ='iFB.5.3X, 

1 0EL9?=' .F7.9.3X, 'KFIT=' ,I2,9X,'REMS=* ,F 7. 2 ,9X. ' LMAX= ' ,F7.9, 
22X, ’KTHRU=' .151 

IF( *CSl ALAM-P2LAMI. L£.( 0.05»YL 1 1 ALAM=( PLAM^ALAM 1/2 . 

106 COMTIIAJE 

00 110 1 = 2 ,NP1 
RH0AV=IRM0I I l♦RHO( I»1 11/2. 
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RAV6=(R(Xi»R(I*t 11/2. 

C AOJUSTMEMT OF EMU AT 2.5 AND N+1.5 

IF II.GT.2) GO TO tIO 
IF (KIN.NE.1 ) GO TO 109 

IF (BETA. LT.O. 02. OR. BETA. GT. 0.91 GO TO 110 
EMU( 2 l=TAU»t Y( 2 »*T( 3 n/( BETA»( U( 2 )*U( 3) )) 

109 IF (KEX.NE.n 60 TO 110 

IF (BETA. LT.O. 02. OR. BETA. GT. 0.91 GO TO 110 
EMU( NPl l = TAU«( T(NP3 1-0 . 5*( Y(NPt )«Y(MP2 1 1 1/ 

1 (BETA»0.5»(U(NPI )«U(NP2)I) 

C COMPUTE SMALL C*S 

no SC( 1 1 =RAVG«RAV6»RHOAV»0 . 5»( U( I* 1 )»U( 1 1 1«EMU( I )/( PEI*PEI 1 
IF (NEQ.EO.I I GO TO 300 

C SOURCE TERMS - 

00 200 1=3, NPl 
DO ISO J=1 .NPH 
SU(J,I1=0. 

SD=0. 

IF (SOURCE(J).EO.OI GO TO 150 
NS0R=S0L'RCE( J) 

GO TO (115,130,115,120). NSOR 

C STAGNATION ENERGY EQN SOURCE - 

115 IF (I.E0.2) PREFU.I =PREF(J,2) 

PREFF = (PREF( J,I)*PREF( J,I-I 11*0.5 

CS=SC(I)*(U(I*1 )*U(I*1 )-U(I)«U(I))*ROMO(Il 

CS = CS-5C(I-t)*(O(I)*U(U-U(I-))*U(I-1)l»ROM0(I-1) 

CS=( 1 .-I ./PREFF )«CS*RB0M(I1 
SU(J,I) = CS/(GC*CJ!+BF(H/(CJ*RHO(I)l 
120 IF (U(I). LT.O. 00011 GO TO 125 

IF (SOURCEU1.EQ.31 SU(J , 1 1=SU( J, I l*AUXM2/( RHO( 1 1*U( 1 1 1 
IF (S0!JRCE(Jl.Eq.91 SU( J , X l=AUXM2/(RHO( 1 1*U( 1 1 1 
125 S0=0. 

GO TO 150 

C TURBULENT KINETIC ENERGY EQUATION SOURCE - 

130 AL=ALMG*YL 

IF (KA3E.EQ.21 GO TO KO 
rMQ=Y(I) 

IF (KEX.EQ.il YMQ=Y(NP31-Y(I) 

IF ( YMQ.LT.AL/AKl AL=AK»YMQ 
190 0U2D0M:.5*((U(I+1 1»U(I + 1 1-U( I 1»U( 1 1 1«ROMO( I )♦ 

1 (U( I I*U( 1 1-U( 1-1 )»U( I-l 1 l»ROMD(I-'. 1 1 

ovq=. 5 »(ov(i)tov(i-i n 

FJ2=A8‘=(F(J,I)1 

PROO=Aq»AL*DVQ»SQRT( FJ2 )»( RHO( 1 1*R( 1 1/PEI )»»’/(U( I )»AK»9. 1* 

1 DU20an**2 

0155=60'* AK»FJ2»*1 .5/( AL»OVQ»U( 1 1 1 
IF(DI5S»DX.GT.FJ2 )DISS=FJ2/0X 
SU(J,I)=PRC0-0ISS 
FGT=F( J,NP3I 


IF(KIN.EQ.2)FGT=F(J,1 / 

IFIKIH.EQ. 3)FGT=0.0 

IF(F( J.I I.LT.FGT)SU( J,I1 = .'>ROO 

SD=0.0 

GO TO 150 

ADO OTHER SOURCE FUNCTIONS HERE 

....CHANGE 'COMPUTED GO TO* STATEMENT TO INCLUDE 

SOURCE FUNCTION STATEMENT NUMBERS. IIKEWISE, 

...CHANGE TURBULENT PR/SC NUMBER ‘COMPUTED GO TO ‘ 

STATEMENT NUMBERS. 

150 CONTINUE 
200 CONTINUE 
300 CONTINUE 


RETURN 

END 
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— AUX01990 
AUX01950 
AUX0I960 
AUX01970 
AUX01980 
AUX01990 
AUX02000 
AUX020I0 
AUX02020 
AUX02030 
AUX020A0 
AUX02050 
AUX02060 
AUX02070 
AUX02080 
AUX02090 


AUX02100 
AUX021IO 
AUX02I20 
AUX021 30 
AUX02190 
AUX02150 
AUX02160 
AUX021 70 
AUX02180 
AUX02190 
AUX02200 
AUX02210 
AUX02220 
AUX02230 
AUX02290 
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Appendix G 

THE PARABOLIC ITY OF THE BOUNDARY LAYER EQUATIONS 
FOR PARALLEL FLOW OVER A CURVED SURFACE 


This section Is Included as a Justification for using a parabolic 
marching scheme (STANS) to solve the boundary layer equations over a 
curved wall. In the modeling done elsewhere In this thesis, the effects 
of curvature appear implicitly in the turbulence model, and the standard 
linear momentum and continuity equations are then solved. For very 
strong curvature, however, it seems clear that the normal direction 
momentum equation will have to be solved too. As a first step cowards 
developing such a computation scheme, the parabolicity of a set of equa- 
tions in which the normal momentum equation was taken to be 


3P U^ 

" P R" 


(U-1) 


was investigated. In the proposed computation, this would be solved 
with the continuity and s component equation for momentum. 



u 1!^ + V - - i i? - + 

3s 3n p 3s 3n 


0 


3n 


3n 


(G-2) 

(G-3) 


Reynolds [47 J found a method which finds the characteristics which 
reveal the nature of the equation set. The first step is to introduce a 
new variable W, which replaces the normal gradient of U and con- 
verts 1-3 into a set of four first-order equations: 




u 

” • I?. 

(C'4) 

3U 

Uy, ^ V 

3U 

Tn 

1 3P 3uv 3W 

" ■ p Ts " T).r ^ Tn 

(G-5) 



_ 1 3P 

R P ^n 

(G-6) 

3U 

- 

- 1 * [(■ * s) Cl 

(G-7) 
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It is now assumed that uv is modeled as an algebraic function 
of W (uv ■ tc' ^V) and that the four remaining independent vari- 
ables U, V, P and W are themselves functions of two new variables 
4 and n. The chain rule is then used extensively to make transforma- 
tions such as 


iy ^ . iy 3n 

ds 34 3s 3ri 


(G-8) 


This - CO the following set of equations* 


iy ii 4- il) 

34 3s 3n 3s 


+ 


“au 34 9U 3n 

_ j. 

'3P 34 , 3p 3n 

34 9n 3n 3n 

p 

34 yi ^ n "Ss 


(G-9) 


- 2nK^W^ 


2 k 


I r 3W 
W TT- 

J4 


3n 


3W 3n 

Tn ys 


‘3L 


3U 3 4 _3U ^ 

3 4 3n 3n 3n 


+ V 


3W 34 ^ 

■?4 ys 


3W 3n 

Tn ys 


. i I if ii + ii ii* ] 

R p[^343n 3n3nJ 


3U 34 _3U an"] . n" if 3 4 . 3V 3 n I V 

34 3s 3n 3s I [ rJ [34 3n 3n '3nJ R 


(G-10) 


(G-11) 


(G-12) 


Now these four equations are combined into one by multiplying each 
by an arbitrary constant times Eq. (9 ) , C 2 times Eq. (10), 

times Eq . (11), and times Eq. (12). The four equations are then 

added together to produce; 


3U 

T4 


V ,, i^ + r u 4. r f ^ 4. r 4- if 

^1^ 3s 3n 3n ^4 3s 3n 


+ C, 


3n 3n 3n 

^1 ^ 3s ^l'^ 3Ti ^2 3n 


ip 1 4. 3P 

r r 

i 3f _ _3 34 

3P 

' c, , c, , ' 

1 3n 3 3n 

3 8 1 34 

p 3s p yii 

yT, 

p 3s p 3n 


♦ 2C.«^W - C.v 


34 i 1 


3 n 


1 3n 


3V 

34 


4\ R/ 3n i3 


iy 

3n 


• 

[c 1 + J f"’ 

+ 

2C nc^W^ - C W + C + C - 


^4 K 3n 

' 1 

1 2 3 R 4 R 


(G-13) 
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Now the equatloae of the characteristic lines are obtained by set- 
ting one of the partlais with respect to a characteristic, say 9/3n, 
to aero. This leads to an equation for a line of constant n. Doing 
this gives four equations which can be used to find through C^. 


c, u + c,v + c 


l 3s 


1 3n 


3n 
2 3n 


+ C 


3n 
4 3s 


S 3j3 _ f_3 in 

p 3s p 3n 


1 + 


In 

3n 


2C,A|2- c,v|-" - 0 

i on 1 on 


(G-14) 

(G-15) 

(G-16) 

(G-17) 


These equations can be rewritten in matrix form as. 


U |2 + V 45 
3s 3n 

3n 

3n 

0 

3n 



S 

1 3n 

0 

1 3 n 




c 

p 3s 

P 3n 





0 

0 

0 


3n 

3n 



(2k^W - V) -|2 

0 

0 

0 





0 


(G-18) 


The determinant of Che coefficient matrix, which must equal zero, is 

4 r. 


3_n 

3n 


(2x^W - V) 


0 


(G-19) 


Since in the above equation die teirm in the brackets is generally 
different from zero, one concludes that 


in 

3n 


(G-20) 


It is interesting to note that If Che viscous and turbulent stress terras 
were zero, the characteristic line would not be defined. This is as it 
should be, since the potential flow equations are elliptic and have 
imaginary chaiacterlstics. In the present case, liowever, we have that 
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in 

3n 


0 


(G-21) 


Now, the procedure of Reynolds for finding the characteristic lines 
is now to write an equation for a line segment of a characteristic. 

dn * dn + ^ ds (G-22) 

dn os 


Since this is an equation for a characteristic line, which is a line of 
constant n, dn must be zero. But it has been shown that 9n/3n is 
also zero. For the above equation to balance, then, it must be that 
ds is zero. That is, lines of constant n have the equation: s 
equals a constant. They are lines normal to the surface. 

To find the other characteristic, it is necessary to consider trav- 
eling along constant (, lines. This leads to four more equations. 


i M 

P 9s 
0 


- V) 


9n 

0 

0 

0 


0 

ll 3 C 

p 9n 
0 

0 





9s 


^1 

0 





2 

. n H 



R 9n 


3 

0 


C 


0 (G-23) 


This yields, as before, an equation analogous to Eq. (21). 


9n 


0 


(G-24) 


And so we find that lines of constant C are lines of constant s. The 
two sets of characteristic lines are coincident, which implies that the 
equations are parabolic. 

It should be pointed out that this result is not dependent on what 
sort of substitution is made for uv in the s component momentum 
equation. 
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Appendix H 


CALCULATION OF BOUNDARY LAYER MASS FLUX ON A CURVED WALL 


The rate of entrainment of freestream fluid into a boundary layer 
is defined as the rate growth of boundary layer mass flux. For a two- 
dimensional, incompressible boundary layer, the entrainment per unit 
width is: 

d /“ _ d 


E(x) 


dx 


/ 


pUdy 


dx 


■f. 


Udy 


(H-1) 


On a flat wall the Integral in the above expression can be recast in 
terms of standard Integral parameters, as follows. First, multiply and 
divide by U„; 

.6 


/ u oy - U. / ^ 

o ./ o “ 


dy 


Now add and subtract 1 from the integrand: 




1 

-/ / , - 

I - / 

•'o 

(1-1) + dy 

00 

00 

/ ‘ " l~ dy 

0 •'0 " 


which reduces to 


(H-2) 


(H-3) 


I = U [5 - 6 1 

OB I i 


(H-4) 


Over a curved wall, the situation is slightly more complicated. 
The definition of entrainment is, of course, the same. Now, however, 
there is no single scaling velocity, U*. The first step is to add and 
subtract the potential flow velocity, which is a function of n. 


I U d.i = / (U - U + U) dn 
Jo J n ^ ^ 


(H-5) 


A v"-A 


(U “ U) dn 
P 


(H-6) 
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The second integral on the RHS is (as has been pointed out by 
Honaml) the mass flux deficit of the boundary layer. This can be used 
to define the displacement thickness as: 



(U - U) dn 
P 



(U - U) dn 
P 


Equation (1-6) can then be written as 


I 



(H-7) 


(H-8) 


Over a curved wall, we have 


U 

P 


u 

pw 


Ro 

Ro + n 


(H-9) 


where Ro is the wall radius of curvature. 

Substituting in and performing the integration leads directly to a 
simple expression: 


dx 


Ro + 6 

U p Ro in — r 7 ■■■ V- 

pw Ro + 6, 


This is the expression used to generate Figures 15 and 35. 


(H-10) 
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Appendix 1 


TABULAIEO DATA 


Notes for Tabulated Data 


1 . Mean Velocity Profiles — Pitot Probes 

a. y/DEL is y/6. 

b. U/Up is U divided by the local potential flow velocity, not 
U divided by Up^. 

c. DY PR is the measured dynamic pressure — total pressure minus 
wall static pressure — in centimeters of water. 


2 . 


jtot 

a . 

b. 


-Wire D ata 

TURBIN is the measured turbulence intensity, 

3 

DISP is the non-dimensional dissipation c6/u^. 



/U 


pw' 


3. Shear-Stress Profiles 

a. UTSQ is (u y. 

2 

b. A is the structural coefficient -uv/q^. 

c. SHEAR CORR is 


-uv/ 



d. ANISOTROPY is b^ 


where b^j is the second rank tensor cal- 


culated from the Reynolds stress tensor R^ ■ as 

b - l-i- 

ij 2 

i-D 


2 

where Is the Kroneker Delta and q is 


^ ■ Nixt ng Leng t h P rofi 1 e s 

a. UCAL is the value of b'/U calculated by the system. 

pw 

b. PROD Is the production term in the TKE equation, non- 
dlmensionallzed as 
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uv pw^ 

„2 * 3(y/6) • 

T 

L/LO Is the measured mixing length divided by the flat-wall 
mixing length, where LO Is given by 0.4ln (or 0.41y), when 
n (or y) la less than 0.0856, and LO equals 0.0856 for n 
(or y) greater than 0.085. 

RIC is the Richardson number. 

ED RE is the eddy Reynolds number, where eddy Reynolds number 
is 

lV~^/v . 


VELGRD Is the velocity gradient non-dlme«slonallzed as 


3(U/U ) 

pw 

3(y/6) * 
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Wall static pressure distribution — FIRST EXPERIMENT 


TAP 

s, cm 

c 



n 

0 

- 15.54 

0.00 

1 

- 9.53 

.006 

2 

- 7.62 

.014 

3 

- 5.08 

.021 

A 

- 2.54 

.012 

5 

0.0 

- .006 

ft 

2.54 

- .022 

7 

5.08 

- .029 

8 

7.62 

- .016 

9 

10. 16 

.003 

10 

13.34 

.004 

11 

17.78 

- .004 

12 

22.86 

- .005 

13 

27.94 

.002 

14 

33.02 

.002 

15 

38. 10 

.001 

If 

43.10 

- .001 

17 

48.26 

.001 

18 

53.34 

.008 

IP 

59.69 

.009 

20 

63.50 

.001 

21 

66.04 

- .007 

22 

68.58 

- .008 

23 

71.12 

- .004 

24 

73.66 

.002 

25 

76.20 

.005 

2f 

78.74 

.006 

27 

81.28 

.004 

28 

83.82 

.001 

20 

86.36 

.000 

30 

88.90 

.non 

31 

93. '’8 

.000 

32 

96.52 

.004 

33 

99.06 

- .002 

34 

104.14 

- .001 

35 

109.22 

- .002 

3f 

114.30 

- .001 

37 

119.38 

- .001 

38 

124.46 

.000 


r 

p 


p - 





r~ 

pw 


s = n at start of curvature 
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EXPT. 1, 

FLOW SKEW 

ANGLE (REL. 

TO FREE 

STRM.) 

AT STN. 


FLOW ANGLE 

IN DEG, Z 

IN CM. 


N/DEL 

Z«-12.5 

Z—6.2 

Z-0.0 

Z-6.2 

Z-12.5 

0.98 

0.00 

0.00 

0.00 

0.00 

0.00 

0.81 

0.08 

-0.16 

—0.04 

-0.1-' 

-0.1'' 

0.65 

0.42 

0.04 

-0.08 

-«.21 

-0.08 

0.49 

0.62 

0.00 

0.00 

-0.12 

-0.25 

0.33 

0.^1 

0.08 

-0,04 

-0.1'» 

-0.42 

0.26 

0.8*^ 

0.25 

-0.01 

-0.13 

-0.38 

0.20 

1.03 

0.2'' 

0.2"' 

-0.22 

-0.60 

0.13 

1.06 

0.18 

0.18 

-0.32 

-0.82 

0.0'' 

1.22 

0.22 

0.34 

-0.28 

-1.08 


EXPT. 

1, FLOW SKEW 

ANGLE (REL. TO FREE 

STRM. 

STN. 


FLOW ANGLE 

: Z IN CM. 




N/DEL 

Z = -12.5 Z 

= -6.2 

Z - 0.0 

Z = 6.2 

Z=12.5 

0.91 

0.025 

-0.50 

-0.80 

—0,63 

-1.54 

0.^5 

0,33 

-0.41 

-0.'9 

-0.6*' 

-1.42 

0.60 

0.42 

-0.33 

-0.83 

-0,83 

-1.46 

0.45 

0.62 

-0.3"' 

-0.''5 

-0.8P 

-1.63 

0.30 

0.^1 

“0.16 

-0.6‘' 

-0.92 

-1.6'' 

0.24 

0.8'' 

-0.26 

-0.63 

-0.88 

-1.^6 

0.18 

0.90 

-0.22 

-0.60 

-1.10 

-1.^3 

0.12 

1.06 

-0.0 ^ 

-0.5^ 

-1.19 

-2.19 

0.06 

1.^2 

-0.15 

-T.53 

-1.53 

-2.66 


EXPT. 

1, FLOW 

SKEW ANGLE 

(REL. TO FREE 

STRM.) 

AT STN. 


FLOW 

ANGLE Z IN 

CM. 


N/DEL 

Z = -12. 

5 Z= -6.2 

Z = 0.0 z 

= 6.2 

Z=12.5 

0.8^ 

0.00 

0.00 

-0.12 

-0.62 

-1.00 

0.^3 

0.12 

-0.12 

-0.25 

-0.8'' 

-1.3' 

0.58 

0.25 

0.00 

-0.25 

-1.00 

-1.^5 

0.44 

0.50 

0.00 

-0.25 

-1.25 

-2.00 

0. 29 

0.^5 

0.12 

-0.25 

-1.50 

-1.3' 

0.23 

0.''5 

0.00 

-0.38 

-1.62 

-2.62 

0.1'’ 

1.00 

0.12 

-0.3' 

-1.'5 

-3.25 

0.12 

1.50 

0.50 

-0.50 

-1.8' 

-3.50 

0.06 

2.38 

0.8' 

-0.38 

-2.00 

-4.50 
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EXPT, 

1, FLOW 

SKEW ANGLE 

(REL. TO FREE 

STRM.) 

AT STN. 


FLOW 

ANGLE Z JN 

TM. 



N/DEL 

Z = -12. 

5 Z» -6.‘ 

> Z - 0.0 

Z = 6.2 

Z = 12.5 

0.85 

-0.13 

-1.13 

-1.00 

-l.“5 

-2.00 

0.‘’1 

0.21 

-1.1" 

-0."9 

-2.00 

-2.25 

0.56 

0.42 

-0.83 

-0.83 

-2.12 

-2.62 

0.42 

0.''5 

-0.63 

-0.^5 

-2.25 

-3.25 

0.28 

1.08 

-0.29 

-0,6" 

-2.62 

-4.00 

0.23 

1.3^ 

-0.13 

-0.51 

-2.^5 

-4.14 

0.1'’ 

1.6”’ 

-0.10 

-0.60 

-2.8" 

-4.50 

0.11 

2.06 

0.31 

-0.5" 

-3,00 

-5.00 

0.06 

2.4" 

0.4" 

-0.66 

-3.00 

-5.25 


EXPT. 

1, FLOW 
FLOW 

SKEW ANGLE 
ANGLE Z IN 

(REL 

CM. 

. TO FREE 

STRM.) 

AT STN. 

N/DEL 

Z--12. 

5 Z= -6.2 

Z 

= 0.0 

Z = 6.2 

Z=12.5 

0.91 

0.13 

-0.63 


-0,13 

-0.25 

-0,50 

0."6 

0.46 

-0.29 


-0.04 

-0.04 

-0.92 

0.61 

0.92 

-0.08 


0.04 

-0.21 

-1.08 

0,46 

1.38 

0.25 


0.25 

-0.25 

-l."5 

0.30 

2.08 

0.83 


0.08 

-0.54 

-2.29 

0.24 

2.62 

1.12 


0. 12 

-0,63 

-2.63 

0.12 

3. 31 

1.56 


0.06 

-0.82 

-2.82 

0.06 

4.22 

1.59 


0. 22 

-1.03 

-3.16 


EXPT. 

1, FLOW 
FLOW 

SKEW ANGLE 
ANGLE Z IN 

(REL. 

OM. 

TO FREE 

STRM.) 

AT STN. 

N/DEL 

Z = -12, 

5 Z= -6.2 

Z 

= 0.0 

Z = 6.2 

Z=12.5 

0.83 

0.38 

-0.“5 


0.00 

0.25 

0.00 

0.69 

0.58 

-0.6“ 


0.08 

0.08 

-0.1" 

0.55 

0."9 

-0.46 


0.04 

-0.0 4 

-1.00 

0.41 

1.25 

-0.13 


0.13 

-0.13 

-1.0 0 

0.28 

1.33 

0.21 


0.08 

-0. 29 

-1.1^ 

0,22 

2.12 

0.49 


0.12 

-0.3 8 

-1.26 

0.1" 

2.40 

0.6 5 


0,15 

-0.60 

-1.23 

0.11 

2,81 

0.81 


0.18 

-3 ^ 

> • 

-1 .32 

0.06 

3.22 

0.84 


0, 34 

-0,41 

-1.53 


176 




EXPT, 

1, FLOW SKEW 
PLOW ANGLE 

ANGLE 
Z IN 

(REL. TO FREE 
CM. 

STRM.) 

AT STN. 

N/DEL 

Z = -12.5 Z 

- -6.2 

Z * 0.0 

Z - 6.2 

Z»12.5 


-0.63 

-0.50 

-0.25 

-0.38 

-0.50 

0.65 

-0.54 

-0.54 

0.29 

-0.42 

-0.‘’9 

0.52 

-0.33 

-0.33 

-0.33 

—0 ,83 

-1.33 

0.39 

0.25 

-0.13 

-0. 25 

-0.38 

-1.^5 

0.26 

1.08 

0.08 

-0.29 

-0.92 

-l.-’9 

0.21 

1.24 

0.12 

-0.26 

-1.01 

-1.^6 

0.16 

1.65 

0.40 

-0.35 

-1.10 

-1.85 

0.10 

1.93 

0.68 

-0.44 

-1.19 

-1.94 

0.05 

2.34 

0.'2 

-0,41 

-1.28 

-2.03 
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FIRST EXPT. 


UPU 


16.00 n/SEC 


, STN 


s 


-71.75 cn 


PT 

Y/DEL 

1 

0.016 

2 

0 .020 

3 

0.024 

4 

0 .030 

5 

0 .036 

6 

0 . 043 

7 

0 .052 

8 

0.061 

9 

0.069 

10 

0 . 080 

1 1 

0.101 

1 2 

0.129 

13 

0.164 

14 

n . 2 1 1 

1 5 

0.270 

16 

0 . 345 

17 

0.443 

18 

0 . 568 

19 

0 . f. 9 3 

20 

0.822 

2 1 

0.935 

22 

1.003 

23 

1.202 

24 

1.323 


U-'UP 
0.433 
0.453 
0 . 493 
0.522 
0 . 545 
0 . 564 
0.581 
0.597 
0 . 606 
0.621 
0.64 v: 
0 . 666 
0.691 
0.720 
0 .752 
0 . 787 
0.831 
0 . 877 
0.919 
0.956 
0.980 
0.990 
0.999 
1.000 


DY PR 
0.292 
0 . 320 
0 . 378 
0.424 
0.462 
0.495 
0 . 526 
0 . 554 
0 . 57 2 
0 . 599 
0.640 
0 . 688 
0.742 
0 . 8C5 
0.876 
0.960 
1.069 
1.19 1 
1 . 308 
1.415 
1 .0 86 
1.516 
1.542 
1 . 544 


YPLUS 
19 . 
23. 
28. 
35. 
43 . 

5 1 . 

6 1 . 

7 1 . 
81 . 
94 . 

118. 
151 . 
192. 
247 . 
3 16. 
404 . 
5 18. 
665 . 

8 11. 
963 . 

1C95. 
1174. 
1407. 
1 549 . 


UPLUS 

11.2 

11.7 

12.7 

13.5 

14.0 

14.5 

15. 0 

15.4 

15.6 

16.0 

16.6 

17.2 

17.8 
18.6 

19.4 

20.3 
2 1.4 
22.6 

23.7 

24.7 
25. 3 

25.5 

25 . 8 
2 5.8 


DISP. THICKNESS = 0.504 CM. 

SHAPE FACTOR = 1.362 DELTA 

momentum thickness REYNOLDS NO. 


MOMT. TK.ICKESS =0 
99 = 2.938 CM. 

= 3802. UF/2 



CF/2 
0.00130 
0.00132 
0.00143 
C. 00147 
0.00150 
0.00151 
0.00151 
0.00151 
0. Ot 1 50 
0.00150 
0.00150 
0.00150 
0.00151 
0.00153 
0.00156 
0.00160 
0.00167 
0.00174 
0.00182 
0.00189 
0.00192 

0.00193 

0.00 189 
0.00 186 

.370 CM. 


= 0.00150 


FIRST 

EXPT. , 

STH 2, S 

* -41.27 CM 

i: 

Y/DEL 

U/UP 

DY PR 

1 

0.013 

0-443 

0.302 


0.016 

0.481 

0.356 

1 3 

0.020 

0.503 

0.389 

‘ 4 

0.025 

0.514 

0.406 

5 

0.029 

0.545 

0.457 

! 6 

0.035 

0.562 

0.485 

i 

0.042 

0.575 

0.508 

8 

0. 049 

0.589 

0 . 533 

9 

0.056 

0.600 

0.554 

10 

0.065 

0.613 

0.579 


1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


0.082 
0.104 
0.133 
0.17 1 
0.219 
0.280 
0.359 
0 . 460 
0.561 
0.666 
0.759 
0.813 
0.974 
1 . 072 
1 . 177 
1 . 282 


0 .633 
0.655 
0.679 
0.701 
0.733 
0.764 
0.803 
0.847 
885 
923 
952 
964 
989 
994 

993 

994 


0.617 
0.660 
0.711 
0.757 
0.828 
0.899 
0.993 
1.107 
1 . 209 
1.313 
1 . 397 
1 . 435 
1.509 
1 . 524 
1 . 524 
1 . 527 


YPLUS 
19. 
23. 
28. 
35. 
42. 
50. 
60. 
70. 
80. 
93. 

1 17. 
149. 
190. 
244. 
311. 
398. 
511. 
656. 
800 . 
949 . 
1081 . 
1158. 
1388. 
1528. 
1677 . 
1827 . 


UPLUS 
11.6 
12.6 
13. 1 
13.4 

14.3 

14.7 

15.0 

15.4 

15.7 

16.0 
16.6 

17. 1 

17.8 
18.3 

19.2 
20.0 
21 
22 . 

23. 

24. 

24. 

25.2 
25.9 

26 . 0 

26 . 0 

26 . 0 


. 0 
2 

. 2 
. 1 
. 9 


CF/2 
0.00134 
0.00144 
0.00146 
0.00142 
0. 00148 
0.00148 
0.00146 
0.00146 
0. 00146 
0.00146 
0. 00145 
0.00145 
0.00145 
0.00145 
0.00148 
0.00151 
0.00156 
0.00163 
0. 00170 
0. 00 176 
0.00182 
0. 00 184 
0.00186 
0.00184 
0.00181 
0.00178 


I):SP. THICKNESS = 0.593 CM. HOHT. THICKESS =0.439 CH 

SHAPE FACTOR = 1.350 DELTA 99 = 3.625 CM. 

momentum thickness REYNOLDS NO. 


= 4517. 


CF/2 = 0.00146 


179 


J 


FIRST 

EXPT. , 

STN 4, S * 

16 . 20 

CM. , UPW = 

16.09 

PT 

Y/OEL 

U/UP 

DY PR 

ypLus 

UPLUS 

1 

0.012 

0.371 

0.221 

18. 

10.5 

2 

0.014 

0.410 

0.269 

21 . 

11.6 

3 

0.017 

0.438 

0 . 307 

26 . 

12.3 

4 

0.021 

0 . 474 

0.36 1 

33. 

13.4 

5 

0.026 

0 .492 

0 . 389 

39. 

13.9 

6 

0.031 

0 . 507 

0.4 14 

47 . 

14.3 

7 

0.037 

0.522 

0.439 

56 . 

14.7 

8 

0.043 

0 . 540 

0.470 

65. 

15.2 

9 

0.049 

0 .554 

0.495 

75. 

15.6 

10 

0.058 

0 . 569 

0 . 523 

88. 

16.0 

1 ’ 

0.072 

0.595 

0.574 

110. 

16.7 

12 

0.091 

0.622 

0.6 27 

139. 

17 . 4 

13 

0.117 

0 .652 

0.691 

178. 

18.2 

14 

0.149 

0.684 

0.762 

228. 

19.1 

15 

Q . 190 

0.713 

0.831 

290 . 

19.8 

16 

0 . 244 

0 . 743 

0 . 9S4 

372. 

20 . 5 

17 

0.313 

0.777 

0 , 988 

477 . 

21.3 

18 

0.402 

0.814 

1 . 085 

6 13. 

22. 2 

19 

0.490 

0 . 848 

1.173 

747 . 

22.9 

20 

0 . 582 

0.882 

1 . 265 

887 . 

23.7 

21 

0.662 

0 . 909 

1 . 336 

1009. 

24 . 2 

22 

0.710 

0 . 925 

1 . 379 

1082. 

24 . 5 

23 

0.851 

0.964 

1.483 

1296 . 

25. 3 

24 

0.937 

0 . 982 

1 . 532 

1427 . 

25.5 

25 

1 . 029 

0.994 

1.562 

1567 . 

25. 6 

26 

1.120 

0.993 

1 . 550 

1707. 

25.4 

C7 

1 . 224 

1.000 

1 . 580 

1865. 

25.4 

DISP. 

THICKNESS = 0.720 

CM. 

nOMT. THICKESS 

SHAPE 

FACTOR 

= 1.377 

DELTA 

99 = 4.149 

CM . 


MOMENTUfI THICKNESS REYNOLDS NO. = 5424. CF/ 


n/sEC 


cr/2 
0.00100 
0.00111 
0 . 00 1 1 & 
0.00123 
0.00124 
0.00124 
0.00124 
0.00125 
0.00126 
0.00127 
0.00129 
0.00130 
0 . 0 0 1 3 J 
C . 00136 
0. 00137 
0.00138 
0. 00140 
0.00142 
0.00145 
0.00148 
0.00150 
0.00152 
0.00155 
0.00155 
0.00153 
0.00148 
0.00146 

0 . 523 cn . 


= 0.00125 


180 


FIRST 

EXPT. , 

STH 5, S ■ 

33.65 

cn. . upu « 

16.15 n/SEC 

PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.011 

0 . 336 

0 . 180 

16 . 

10.2 

0.00085 

2 

0.014 

0.372 

0.221 

20. 

11.3 

0 .00094 

3 

0.017 

0.403 

0.259 

24. 

12.2 

0.00100 

4 

0.021 

0.427 

0.292 

30. 

13.0 

0.00103 

5 

0.025 

0.447 

0.320 

36. 

13.6 

1.00105 

6 

0.030 

0.466 

0.348 

43. 

14.1 

0.00107 

7 

0.036 

0.480 

0.371 

52. 

14.6 

0.00107 

8 

0 . 042 

0.494 

0.394 

60 . 

15.0 

0.00198 

9 

0 . 048 

0.507 

0.414 

69. 

15.4 

0.00108 

10 

0.057 

0 . 523 

0 . 442 

81 . 

15.8 

0.00109 

1 1 

0.072 

0.549 

0.488 

103. 

16.6 

0.00111 

12 

0.091 

0.577 

0.541 

1 29 . 

17.4 

0.00114 

13 

0.115 

0.609 

0.605 

165. 

18. 3 

0.00118 

14 

0.148 

0.645 

0 . 678 

211. 

19.4 

0.00122 

15 

0 . 188 

0 . 684 

0.765 

269 . 

20 . 5 

0.00127 

16 

0.241 

C .721 

0.851 

344 . 

21.5 

0.00131 

17 

0 . 309 

0.761 

0 . 947 

442 . 

22. 5 

0.00135 

18 

0 . 397 

0.801 

1 . 049 

567. 

23. 5 

0.00138 

19 

0 483 

0.838 

1 . 143 

69 1 . 

24 . 4 

0.00142 

20 

0 . 574 

0 .872 

1 . 232 

821 . 

25. 2 

0.00145 

21 

0.6j3 

0.898 

1 . 303 

934. 

25.8 

0.00147 

22 

0.700 

0.915 

1 . 346 

1001 . 

26 . 1 

0.00149 

23 

0 .839 

0.957 

1 .458 

1 200. 

27 . 0 

0.00152 

24 

0.923 

0 . 978 

1.514 

1321 . 

27 . 4 

0.00154 

25 

1.014 

0.992 

1 . 552 

1450 . 

27 . 6 

0.00153 

26 

1.105 

0 . 998 

1 . 567 

1 580 . 

27.5 

0.00150 

27 

1 . 207 

1.000 

1.572 

1726 . 

27 . 4 

0.00146 

DISP . 

THICKNESS = 0.789 

cn. 

nOMT. THICKESS =0, 

.552 CM . 

SHAPE 

FACTOR 

= 1.429 

DELTA 

99 = 4.208 

CM . 



MOnENTUM THICKNESS REYNOLDS NO. = 5711. CF/2 = 0.00108 


181 


FIRST 

EXPT. , 

STN 6, S - 

50.80 

CM., UPU 

> 16.101 

n/sEc 

PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.011 

0.301 

0.145 

15. 

9.7 

0.00070 

2 

0.013 

0 . 336 

0 . ISO 

19 . 

10.9 

0 . 00079 

3 

0.016 

0.365 

0.213 

23 . 

11.8 

0.00085 

4 

0.020 

0 . 394 

0 . 249 

29 . 

12.8 

0.00090 

5 

0.024 

0.414 

0 . 274 

34 . 

13.4 

0.00092 

6 

0.029 

0.432 

0.300 

4 1 . 

14.0 

0.0 0 094 

7 

0.035 

0.446 

0 . 320 

49 . 

14.4 

0.00094 

8 

0.041 

0.461 

0.343 

57 . 

14,9 

0.00095 

9 

0.046 

0.472 

0.361 

65 . 

15.2 

0.00096 

10 

0 .055 

0 . 488 

0 . 336 

77 . 

15.7 

0 . 00097 

1 1 

0 . 069 

0 . 509 

0.422 

97 , 

16.4 

0 . 00097 

52 

0 . 087 

0 . 536 

0.470 

122. 

17.2 

0 . 00 ICO 

1 3 

0.111 

0 . 569 

0.531 

156 . 

18.3 

0.00104 

14 

0.142 

0.607 

0.605 

200 . 

19.4 

0,00109 

15 

0.181 

0.650 

0.693 

254 . 

20.7 

0.00116 

16 

0 . 232 

0.693 

0.790 

326 . 

22.0 

0.00 122 

17 

0 . 297 

0.742 

0.902 

4 17. 

23 . 4 

0.00129 

18 

0.381 

0 . 786 

1.011 

535 . 

24 . 6 

0.00133 

19 

0.464 

0 .822 

1.102 

653 . 

25 . 5 

0 . 00 1 37 

20 

0.551 

0 .857 

1.194 

775 . 

26 . 4 

0.00 140 

21 

0.628 

0.885 

1 . 267 

883 . 

27 . 0 

0.00143 

22 

0.673 

0.901 

1.308 

945 . 

27 . 4 

0.07145 

23 

0.806 

0.945 

1.425 

1133. 

28 . 4 

0.00 149 

24 

0 . 887 

0.964 

1 . 488 

1 247 . 

28 . 9 

0.00151 

25 

0.974 

0 . 987 

1.537 

1 369. 

2 9.2 

0.00151 

26 

1.061 

0.996 

1 . 560 

149 1. 

2 9.3 

0.00149 

27 

1.160 

0.994 

1 . 567 

1p30 . 

2 9 . 1 

0.00145 

28 

1.305 

1.000 

1.570 

1834 . 

28 . 8 

0.00134 

D I SP . 

THICKNESS = 0 . 872 

CM . 

MOMT . 

TKICKESS 

^-0.59 2 CM. 

SHAPE 

FACTOR 

= 1.474 

DELTA 

9 9 = 4 . 

380 CM. 



MOfENTUn THICKNESS REYNOLDS NO. = 6156. CF/2 = 0.0U0Q5 



FIRST EXPT., 


UPU « 16.08 n/SEC 


STN 7. S ■ 64.13 CH. , 


PT 

Y/DEL 

U/UP 

DY PR 

1 

0.011 

0 . 303 

0. 147 

2 

0.013 

0 . 338 

0. 183 

3 

0.016 

0.367 

0.216 

4 

0.020 

0 . 392 

0.246 

5 

0 . 024 

0.411 

0.27 2 

6 

0. 028 

0.426 

0.292 

7 

0 . 034 

0 .440 

0.312 

8 

0 . 040 

0.453 

0 . 333 

9 

0 . 045 

0.465 

0.351 

10 

0 . 053 

0 . 476 

0.368 

1 1 

0.067 

0.497 

0 .404 

12 

0 . 085 

0 . 524 

0 .450 

13 

0.108 

0 . 554 

0 . 505 

14 

0.138 

0.591 

0.577 

15 

0.176 

0.631 

0.658 

16 

0 . 226 

0 . 679 

0.759 

17 

0 . 289 

0.729 

0.874 

18 

0.371 

0.777 

0.991 

19 

0.452 

0.815 

1.087 

20 

0.537 

0.850 

1 . 176 

21 

0.611 

0 . 877 

1 . 247 

22 

0.655 

0.895 

1 . 293 

23 

0.785 

0.939 

1.410 

24 

0 .864 

0 .963 

1.471 

25 

0 .948 

0 .982 

1.521 

26 

1.033 

0.995 

1 . 554 

27 

1.129 

1.000 

1 . 567 

DISP . 

THICKNESS 

= 0.911 

CM. 

SHAPE 

FACTOR = 

1 . 489 

DELTA 


YPLUS 

UPLUS 

CF/2 

15. 

9.9 

0 . 0007 1 

18. 

11.1 

0 .00080 

23. 

12.0 

0.00086 

28. 

12.8 

0 .00089 

34. 

13.5 

0 .00092 

40. 

13.9 

0.00092 

48. 

14.4 

0 . 00092 

56 . 

14.8 

0.00093 

64. 

15.2 

0 .00093 

76 . 

15.5 

0 .00093 

96. 

16.2 

0 .00094 

121 . 

17. 1 

0 .00096 

154 . 

18.0 

0.00100 

197 . 

.9.2 

0.00105 

251 . 

20 . 4 

0.001 10 

322. 

21.8 

0.00117 

412. 

23.3 

0.00125 

528. 

24 . 6 

0 ; 00 1 3 1 

644 . 

25.6 

0. 00135 

765. 

26 . 5 

0.00138 

87 1 . 

27 . 2 

0.00141 

933. 

27 . 6 

0.00143 

1118. 

28.6 

0. 00147 

1 230 . 

29 . 1 

0.00149 

1351 . 

29 . 5 

0.00150 

147 1. 

29.6 

0.00149 

1608. 

29. 5 

0.00145 


MOMT. THICKESS =0.612 Ctl . 
= 4 . ^99 CM . 


MOMENTUM THICKNESS REYNOLDS NO. 


63S3 . 


CF/2 » 0.00093 




FIRST EXPT., STH 8, S « 81.91 CM.. 


UPM » 16.02 M/SEC 


PT 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


y/OEL 
0.012 
0.014 
0.017 
0.021 
026 
030 
037 
, 043 
, 049 
.0 57 
0.072 
0.091 


0 . 

0, 

0 . 

0 

0 

0 


1 17 


U/UP 
0 . 336 
360 
390 
415 
430 
443 
458 
467 
477 
49 1 
510 
, 534 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 


564 

602 


DY PR 
0. 175 
,201 
.236 
. 267 
. 287 
,305 
.325 
.338 
.353 
373 
0.404 
0 . 442 
0 .493 
0.561 


0 
0 . 
0 . 
0 . 
0 

0 . 
0 . 
0 . 
0 


ypLUS 
16 . 
19 . 
23 . 
29. 
35. 
42 . 
50 . 
58. 
67 . 
78 . 
98 . 
1 25 . 
160 . 
204 . 


UPLUS 

10.6 

11.3 

12.3 

13.0 
13.5 

13.9 

14.4 

14.7 

15.0 

15.4 

16.0 

16.8 
17.7 

18.9 


V • 1 V 

0.190 

0.648 

0.650 

260 . 

20. 3 

0.243 

0.698 

0.754 

333 . 

21.9 

0.312 

0.755 

0 . 884 

427 . 

23.7 

0.400 

0.8 12 

1.021 

547 . 

25.5 

0 487 

0.852 

1.123 

666 . 

26 . 7 

0.579 

0 .885 

1.212 

79 1 . 

27 . 8 

0.659 

0.908 

1 - 278 

90 1 . 

28 . 5 

0.707 

0.923 

1.318 

966 . 

29 . 0 

0 . 846 

0.961 

1 .430 

1156. 

30.2 

0.931 

0.980 

1 . 486 

1 273. 

30.8 

1.022 

0 .993 

1 . 527 

1398. 

3 1.2 

1.114 

0.999 

1 . 5‘ 4 

1522. 

3 1.4 

1.217 

1.000 

1 . 547 

1664 . 

3 1.4 

thickness = 0.805 

CM . 

MCMT . 

THICKESS 

FACTOR 

= 1481 

DELTA 

99 = 4. 

173 CM. 


MOflENTUM THICKNES.S REYNOLDS NO. 


5586 . 


CF/2 


CF/2 
0 . 00085 
0 .00089 
0 . 00096 
0 . 00099 
0.00100 
0 . 00099 
0.00100 
0. 00099 
0 .00099 
0 .00099 
0.00100 
0.00101 
0.00105 

0 . 00 n 1 

0.00119 
0.00129 
0.00140 
0.00152 
0.00158 
0.00164 
0 . 00 167 
0.00170 
0.00177 
0.00179 
0.00181 
0.00180 
0.00 177 

.543 CM. 


= 0 . 00 1 C 1 


184 


FIRST 

EXPT. , 

STH 9, S * 

97. 16 

CM.» UPU 

» 16.00 M/SEC 

PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.010 

0 . 320 

0. 160 

16. 

10.1 

0 . 00079 

2 

0.013 

0 . 347 

0. 188 

19. 

11.0 

0.00085 

3 

0.015 

0 . 383 

0 .229 

23. 

12.1 

0 . 00094 

4 

0.019 

0.408 

0 . 259 

29 . 

12.9 

0.00097 

5 

0.023 

0.427 

0.284 

35. 

13.5 

0 .00099 

6 

0 .028 

0 . 443 

0 . 305 

41 . 

14.0 

0.00100 

7 

0 . 033 

0.459 

0.328 

49. 

14.5 

0.00101 

8 

0 . 039 

0 . 470 

0.343 

58. 

14.8 

0.00100 

9 

0 . 044 

0 . 478 

0 .356 

66 . 

15.1 

0 . 00099 

10 

0.051 

0.490 

0.373 

77 . 

15.5 

0.00100 

1 1 

0 . 064 

0 . 505 

0 . 396 

96 . 

16.0 

0 . 00099 

12 

0.082 

0 . 524 

0 .427 

123. 

16.6 

0 . 00099 

13 

0.105 

0 . 549 

0 . 467 

158. 

17.4 

0.00101 

14 

0.135 

0 . 575 

0.513 

202. 

18.2 

0.00103 

15 

0.172 

0.611 

0 . 579 

257 . 

19.3 

0.00108 

16 

0 . 220 

0 .653 

0.660 

330 . 

20.6 

0.00115 

17 

0 . 283 

0.706 

0.772 

423 . 

22 . 3 

0.00125 

18 

0.362 

0.762 

0.899 

542. 

24. 1 

0.00135 

19 

0.441 

0.812 

1.021 

661 . 

25.7 

0.00146 

20 

0.524 

0.851 

1.123 

784. 

26 . 9 

0.00153 

21 

0.597 

0 . 880 

1.199 

893 . 

27.8 

0.00158 

22 

0 . 640 

0.895 

1.240 

957 . 

28.3 

0.00161 

23 

0.767 

0 . 936 

1 . 356 

1147. 

29 . 6 

0.00169 

24 

0.843 

0.958 

1 .420 

1262. 

30 . 3 

0.00172 

25 

0.926 

0 . 978 

1 . 478 

1 385 . 

30 . 9 

0.00176 

26 

1.009 

0.991 

1.519 

1 509 . 

3 1.4 

0.00177 

27 

1.102 

0 . 999 

1 . 542 

1649 . 

3 1.6 

0 . JO 177 

28 

1 . 240 

1.000 

1 . 544 

1855 . 

3 1.6 

0.00173 

DISP . 

THICKNESS = 0.940 

CM. 

MOMT . 

THICKESS =0. 

629 CM. 

SHAPE 

FACTOR 

= 1.495 

DELTA 

99 = 4. 

609 CM. 



nOMENTUM THICKNESS REYNOLDS NO. = 6<456. CF/2 = 0.00100 


185 


FIRST 


EXPT. , 


16.10 n/SEC 


STN 10, S = 112.4 


PT 

Y/DEL 

U/UP 

DY PR 

1 

0.010 

0 . 334 

0 . 175 

2 

0.0 12 

0 . 365 

0. 208 

3 

0.015 

0 . 390 

0 . 239 

4 

0.018 

0.405 

0.257 

5 

0.022 

0 . 430 

0 . 290 

6 

0.026 

0 .443 

0 . 307 

7 

0.031 

0.457 

0 . >28 

8 

0.036 

0 .466 

0.340 

9 

0 . 042 

0 . 478 

0 . 358 

10 

0 . 048 

0 . 488 

0.373 

1 1 

0.061 

0.505 

0.399 

12 

0 . 0 /8 

0.522 

0.427 

1 3 

0.100 

0 . 545 

0.465 

14 

0.127 

0.570 

0 . 508 

15 

0.163 

0.600 

0 . 564 

16 

0 . 208 

0.636 

0.632 

17 

0 . 267 

0.682 

0.726 

18 

0 . 342 

0.734 

0 . 843 

19 

0.417 

0.783 

0.958 

20 

0 . 495 

0.830 

1 . 077 

2 1 

0 . 564 

0.864 

1.168 

22 

0 .605 

0.882 

1.217 

23 

0.725 

0.927 

1 . 344 

24 

0.797 

0.950 

1.410 

25 

0.875 

0 . 97P 

1.471 

26 

0.953 

0 . 983 

1.511 

27 

1.042 

0.996 

1 . 549 

28 

1.172 

1.000 

1 . 562 

DISP . 

THICKNESS 

= 1.008 

CM . 


SHAPE FACTOR = 1.501 ''ELTA 

MOMENTUn THTCKNE.SS REYNOLDS NO. 


CM. , UPU = 


YPLUS 

UPLUS 

CF/2 

16 . 

10.6 

0 . 00084 

19 . 

11.6 

0.00091 

23. 

12.4 

0 . 00096 

29 . 

12.9 

0.00095 

35. 

13.7 

U . 00099 

4 1 . 

14. 1 

0.00099 

50 . 

14.6 

0 .00099 

58. 

14.8 

0 . 00098 

66 . 

15.2 

0 .00099 

77 . 

15.5 

0 .00098 

97 . 

16.1 

0 .00098 

1 23 . 

16.6 

0 . 00098 

1 58 . 

17.3 

0 .00099 

20 1 . 

18. 1 

0.00101 

258 . 

19.1 

0.00 104 

330 . 

20 . 2 

0.00109 

423 . 

21.7 

0.00117 

542 . 

23 . 4 

0.00126 

66 1 . 

24. 9 

0.00136 

785 . 

26 . 4 

0.00146 

894 . 

27 . 5 

0.00153 

958 . 

28. 1 

0.00156 

1148. 

29 . 5 

0.00165 

1 263. 

30 . 2 

0.00169 

1 387 . 

30.9 

0.00 173 

: 5 1 1 . 

3 1.3 

0.00 174 

16 51. 

31.7 

0.00 175 

1657 . 

3 1.8 

0.00 173 


MOMT. THICKESS =0.67? CM. 
99 ^ 4.875 CM. 

= 6943. CF/2 = 0.00099 
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FIRST EXPT., SINGLE HIRE DATA AT STN . 1 


-7 1 .75 CM 


. S » 


PT 

Y/OEL 

U/UP 

1 

0.005 

0.213 

2 

0.010 

0.299 

3 

0.015 

0.407 

4 

0.021 

0.461 

5 

0. 025 

0.497 

6 

0.031 

0.525 

7 

0. 037 

0.547 

8 

0.045 

0 . 568 

9 

0.053 

0.585 

10 

0.062 

0.600 

1 1 

0.071 

0.6 10 

12 

U . 084 

0.623 

13 

0.106 

0 . 646 

14 

0.134 

0.673 

15 

0.170 

0 .695 

16 

0.218 

0.728 

17 

0.278 

0.758 

18 

0 . 356 

0 .794 

19 

0.456 

0.837 

20 

0 . 586 

0.885 

21 

0.714 

0 .928 

22 

0 . 848 

0.963 

23 

0 . 964 

0 . 987 

24 

1 . 034 

0 .993 

25 

1 . 239 

t . 000 

26 

1 . 364 

0 . 986 


YPLUS 

UPLUS 

TURB. IN 

6. 

5. 5 

0 . 0670 

1 1 . 

7.7 

0 . 0896 

18. 

10.5 

0 . 0962 

24. 

11.9 

0.0935 

29. 

12.8 

0 . 0901 

36 . 

13.6 

0 . 0863 

44. 

14.1 

0.0835 

52. 

14.7 

0.0811 

62. 

15.1 

0 . 0788 

73. 

15.5 

0.0777 

83. 

15.8 

0 . 0768 

98. 

16. 1 

0 . 0753 

124 . 

16.7 

0 . 0745 

156 . 

17.4 

0 . 0732 

199. 

18.0 

0.0718 

255. 

18.8 

0.0705 

325. 

15.6 

0 . 0686 

4 16. 

20.5 

0.0657 

533. 

21.6 

0 . 06C8 

684. 

22.9 

0 . 055 1 

834. 

24.0 

0 . 0461 

990 . 

24.9 

0.0365 

1127. 

25.5 

0 . 0250 

1208 . 

25.7 

0.0191 

1447. 

25.9 

0 . 0049 

1593. 

25.5 

0.0023 


DISP 

:c. 1 

17.8 
15.6 

14.5 

13.4 

12.6 
12.0 
11.3 

10.5 

9 . 9 

9.5 

8.8 

7.9 
6.8 
6 . 1 

5.2 
4 . 7 
4 . 0 

3.3 

2.6 
1 . 9 
1 . 3 
0 . 9 
0.8 
0 . 6 
0 . 5 
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FIRST 

EXPT. , 1 

SINGLE UIRE 

DATA AT 

STN. 2. S 

■ -41.27 

cn. 

PT 

Y/OEL 

U/UP 

YPLUS 

UPLUS 

TUUt .IN. 

DISP 

1 

0.005 

0.233 

6. 

6.0 

0 . 0744 

20.6 

2 

0.009 

0.340 

1 1 . 

8.8 

0.0943 

20. 1 

3 

0.013 

0.417 

17. 

10.8 

0.0974 

18.2 

4 

0.018 

0.466 

23. 

12. 1 

0 . 0945 

16.7 

5 

0.022 

0.499 

28. 

12.9 

0.0919 

15.2 

6 

0.027 

0.522 

35. 

13. 5 

0 . 0876 

14.7 

7 

0.033 

0.541 

42. 

14.0 

0 . 0855 

13.9 

8 

0.039 

0 . 563 

50. 

14.6 

0 . 0820 

13.2 

9 

0.047 

0 . 578 

60 . 

15.0 

0 . 0797 

12.4 

10 

0.055 

0.594 

70 . 

15.4 

0 . 0785 

11.6 

1 1 

0.062 

0.605 

81 . 

15.7 

0 . 0777 

11.2 

12 

0.073 

0.621 

95. 

16.1 

0 . 078 1 

10.3 

13 

0 . 093 

0.643 

120. 

16.7 

0.0757 

9.2 

14 

0.117 

0 . 666 

151 . 

17 . 3 

0,0748 

3.0 

15 

0.149 

0.691 

192. 

17.9 

0 . 0740 

7.2 

16 

0.191 

0.716 

247 . 

18.6 

0 . 0726 

6.3 

17 

0 . 244 

0.745 

314. 

19.3 

0.0702 

5.6 

18 

0.311 

0 . 778 

402. 

20 . 2 

0 . 0685 

4.9 

19 

0 .400 

0 .808 

516. 

21.0 

0 . 0652 

4.3 

20 

0.513 

0.863 

662. 

22.4 

0.0591 

3.4 

21 

0.625 

0.902 

807 . 

23 . 4 

0 . 0535 

2.8 

22 

0.742 

0 .935 

958. 

24. 3 

0 . 0457 

2. 1 

23 

0.844 

0.965 

1 090 . 

25. 0 

0 . 0378 

1 . 6 

24 

0.905 

0 . 978 

1168. 

25 . 4 

0 . 0306 

1 . 3 

25 

1 . 085 

1.001 

1400 . 

26 . 0 

0 . C 1 59 

0 . 9 

26 

1.194 

1.001 

1541 . 

26 . 0 

0.0065 

0.7 

27 

1.311 

1.000 

1692. 

25.9 

0.0028 

0.7 

28 

1.428 

0 . 996 

1843 . 

25.8 

0.0014 

0.7 
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riRST EXPT., SINGLE HIRE DATA AT STH. 3, S • -0.96 CM 


PT 

Y/DEL 

U/UP 

1 

0 .003 

0. 170 

2 

0.007 

0.228 

3 

0.011 

0.365 

4 

0.015 

0.432 

5 

0.018 

0 . 480 

6 

0 . 022 

0.511 

7 

0. 026 

0.538 

8 

0 . 032 

0.563 

9 

0. 038 

0. 580 

10 

0 . 044 

0.591 

1 1 

0.050 

0.603 

12 

0 . 059 

0.618 

13 

0 . 075 

0.641 

14 

0.095 

0.673 

15 

0.120 

0.691 

16 

0.155 

0.720 

17 

0.197 

0.738 

18 

0 . 252 

0.774 

19 

0.323 

0.804 

20 

0.414 

0 .840 

21 

0 . 505 

0 .851* 

22 

0.600 

0.910 

23 

0.682 

0 . 948 

24 

0.732 

0 . 973 

25 

0 . 877 

0 . 976 

26 

0.965 

0 . 984 

27 

1.060 

1.000 

28 

1.154 

0 .996 


YPLUS 

UPLUS 

5. 

4.4 

I 1 . 

5.9 

17. 

9.5 

24. 

11.2 

29. 

12.5 

36 . 

13.3 

43. 

14.0 

51 . 

14.6 

6 1 . 

15. 1 

72. 

15.4 

82. 

15.7 

96 . 

16. 1 

122. 

16.7 

153. 

17.5 

195. 

18.0 

251 . 

18.7 

319 . 

19.2 

408. 

20. 1 

524 . 

20.9 

672. 

21.9 

820 . 

22 . 2 

973. 

23.7 

1107. 

24.7 

1 187. 

25 . 3 

1422. 

25.4 

1565. 

25.6 

17 19. 

26 . 0 

1872. 

25.9 


TURB. IN. 

DISP 

0.0525 

8.0 

0.0688 

8.7 

0.0930 

22.3 

0.0950 

22.3 

0.0913 

19.2 

0 . 0870 

18. 1 

0.0833 

16.5 

0 . 0826 

15.1 

0. 0788 

14.2 

0.0757 

13.8 

0 . 0749 

12.9 

0 . 0743 

11.7 

0 . 072 1 

10.1 

0 . 0692 

8.4 

0 . 0678 

7.2 

0.0655 

6 . 1 

0 . 0645 

5.6 

0.0611 

4.8 

0 .0585 

4.3 

0 .0554 

3.7 

0 .0537 

3.5 

0.0437 

2 . 5 

0 .0390 

2.0 

0 . 0355 

1 .8 

0 .0224 

1 . 3 

0.0153 

1 . 0 

0.0085 

0.8 

0 .0038 

0.8 
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FIRST EXPT., SINGLE WIRE DATA AT STM. 4, S « 16.09 CM. 


PT 

Y/DEL 

U/UP 

1 

0.004 

0.110 

2 

0.019 

0.402 

3 

0.014 

0 . 350 

4 

0.019 

0.418 

5 

0.023 

0 . 467 

6 

0.029 

0. 502 

7 

0 .035 

0.535 

8 

0.041 

0 . 553 

9 

0 .050 

0.581 

10 

0.058 

0.59 1 

1 1 

0 . 066 

0.610 

12 

0 . 078 

0.634 

13 

0 .098 

0.662 

14 

0.124 

0 . 686 

15 

0.158 

0.699 

16 

0.202 

0.760 

17 

0 . 258 

0 . 784 

18 

0 .329 

0.825 

19 

0 .423 

0.864 

20 

0.542 

0.886 

21 

0.661 

0 .935 

22 

0.785 

0.941 

23 

0.893 

0.955 

24 

0.958 

0.978 

25 

1.147 

1.032 

26 

1.263 

1.038 

27 

1 . 387 

1.045 

28 

1.511 

1.022 

29 

1.651 

1.027 

30 

1 .857 

1.000 


YPLUS 

UPLUS 

TURB . IN 

5. 

2.8 

0.0308 

21 . 

10.2 

0.0791 

16 . 

8.8 

0 . 0879 

21 . 

10.6 

0 . 0892 

26 . 

11.8 

0 . 0854 

32. 

12.7 

0 . 0805 

39. 

13.5 

0 . 0773 

46 . 

14.0 

0.0720 

55. 

14.7 

0 . 0674 

65. 

15.0 

0.0656 

74. 

15.4 

0 . 0668 

87. 

16.0 

0 . 064 1 

110. 

16.7 

0 . 0627 

139 . 

17.4 

0.0610 

176. 

17.7 

0.0602 

226 . 

19.2 

0 . 0555 

288 . 

19.8 

0 . 0537 

369 . 

20 . 9 

0.0518 

473. 

2 1.9 

0 . 0508 

607 . 

22 . 4 

0 . 0477 

740 . 

23.7 

0.0459 

878 . 

23 . 8 

0 . 0434 

999 . 

24 . 1 

0.0404 

1071. 

24 . 7 

0.0392 

1284. 

26 . 1 

0.0291 

1413. 

26 . 2 

0.0215 

1 552. 

26 . 4 

0.0152 

1 690 . 

25 . 9 

0.0110 

1847 . 

26 . 0 

0 . 0049 

2078 . 

25 . 3 

0.0030 


DISP 

20.7 

11.2 

17.5 

17 . 5 
16.0 
15.2 

14.6 
12.9 
12 . 1 
1 1.8 

10.8 
10.1 

9.0 

7.8 

7.5 

4.9 

4.5 

3.6 
3.4 

3 . 0 

2.6 
2 . 3 
2 . 1 
1 . 9 
1 . 3 
1 . 1 
0.9 
0 . 9 
0.8 
0.8 
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FIRST EXPT». SINGLE WIRE DATA AT STN . S. 3 > 33.65 CN. 


PT 

Y/OEL 

U/UP 

YPLUS 

UPLUS 

TURB. IN. 

DISP 

1 

0 . 004 

0.158 

4. 

4.2 

0 . 0485 

19.7 

2 

0.010 

0 . 263 

10. 

6.9 

0.0760 

18.7 

3 

0.015 

0 . 359 

15. 

9.5 

0 . 0849 

16.6 

4 

0.020 

0.412 

21 . 

10.9 

0 . 0837 

16.4 

5 

0.024 

0.445 

25. 

11.7 

0 . 0807 

15.1 

6 

0.031 

0.490 

31 . 

12.9 

0 . 0773 

13.5 

7 

0 . 037 

0.497 

38. 

13.1 

0.0726 

14.0 

8 

0 . 044 

0.531 

45. 

14.0 

0.0695 

11.8 

9 

0 .052 

0.551 

54. 

14.5 

0 . 0675 

12.0 

10 

0.061 

0.566 

63. 

14.9 

0 . 0648 

10.9 

1 1 

0.070 

0.575 

72. 

15.2 

0.0641 

11.1 

12 

0. 118 2 

0.601 

84. 

15.8 

0 . 0623 

9.8 

13 

0 . 1 0 4 

0.619 

106. 

16.3 

0.0593 

8.7 

14 

U . 1 3 1 

0 . 665 

134. 

17 . 5 

0 .0589 

7 . 4 

15 

0.167 

0 . 683 

17 1 . 

18.0 

0 . 0558 

6.7 

16 

0.214 

0 . 749 

219. 

19.7 

0 .0525 

4.9 

17 

0 . 273 

0 . 764 

279 . 

20 . 1 

0 . 047 1 

4. 1 

18 

0.348 

0.816 

357. 

21.5 

0 . 0438 

3.2 

19 

0 . 447 

0.875 

458 . 

23 . 1 

0 . 0404 

2.5 

20 

0 . 574 

0.908 

587 . 

23.9 

0 . 0369 

2.3 

21 

0.700 

0.934 

7 16. 

24 . 6 

0 . 0356 

2. 2 

22 

0.831 

0.963 

850 . 

25 . 4 

0.0332 

1 . 9 

23 

0 .945 

0 . 977 

967 . 

25.7 

0.0316 

1 .8 

24 

1.013 

0.993 

1037 . 

26 . 2 

0 .0305 

1 . 7 

25 

1.214 

1 . 025 

1 243. 

27 . 0 

0.0258 

1 . 4 

26 

! .336 

1 . 030 

1368. 

27 . 1 

0 . 0209 

1 . 2 

27 

1 .467 

1 . 044 

1502. 

27 . 5 

0.0134 

1 . 0 

28 

1 .747 

0 . 999 

1788. 

26 . 3 

0 . 0048 

0 . 9 

29 

1 . 965 

1.000 

2011. 

26 . 4 

0.0031 

0.9 
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FIRST 


EXPT. , 


SINGLE MIRE DATA AT STN . 6 


S > 50.80 CM 


PT 

Y/DEL 

U/UP 

YPLUS 

1 

0.004 

0.190 

4. 

2 

0 .009 

0 . 209 

9 . 

3 

0.013 

0.296 

14 . 

9 

0.018 

0.384 

2C . 

5 

0.022 

0.401 

24. 

6 

0.027 

0.439 

30 . 

7 

0 .033 

0 . 468 

36 . 

8 

0.039 

0 . 484 

43 . 

9 

0 . 047 

0 . 494 

51 . 

10 

0.054 

0 . 523 

60 . 

1 1 

0.062 

0 .536 

68 . 

12 

0.073 

0.559 

80 . 

13 

0.092 

0 . 585 

10 1. 

14 

0.116 

0.617 

128 . 

15 

0.148 

0.656 

163. 

16 

0.190 

0.699 

209 . 

17 

0.242 

0.742 

266 . 

18 

0.310 

0.789 

340 . 

19 

0 . 397 

0.836 

436 . 

20 

0.510 

0.877 

560 . 

21 

0.622 

0.913 

682 . 

22 

0.738 

0.937 

8 10. 

2*v 

n h';0 

0,964 

922 . 

24 

0.900 

0 . 973 

988 . 

25 

1 . 079 

1.003 

1184. 

26 

1.188 

1.010 

1 303 . 

27 

1 . 304 

1.023 

143 1. 

28 

1.421 

1.023 

1 559 . 

29 

1 .553 

1.013 

1704 . 

30 

1 .747 

1.000 

19 17. 


UPLUS 

TURB. IN. 

DISP 

5.3 

0 . 0588 

23.3 

5.9 

0 . 0646 

22. 1 

8.3 

0.0797 

20.8 

10.8 

0.0803 

17 . 0 

11.3 

0 . 0783 

17.9 

12.4 

0.0738 

16.6 

13.2 

0. 0694 

15.6 

13.6 

0 . 0665 

15.1 

13.9 

0 . 0637 

15.0 

14.7 

0.0614 

13.8 

15. ’ 

0.0595 

13.0 

15. , 

0 . 0578 

11.9 

16.5 

0.0562 

10.8 

17.4 

0 . 0536 

9. 1 

18 . 5 

0.0517 

7 . 6 

19.7 

0 . 049 1 

6 . 2 

20.9 

0.0432 

4.9 

22 . 2 

0.0415 

3.8 

23.5 

0 .0368 

2.9 

24 . 7 

0.0322 

2.5 

25 . 7 

0.0302 

2.3 

26 . 4 

0 . 0286 

2. 2 

27 . 1 

0.0271 

2. 1 

27 . 4 

0.0261 

2.0 

28 . 2 

0. 0226 

1 .7 

28 . 4 

0.0191 

1 . 6 

28 . 8 

0.0156 

1 . 4 

28 . 8 

0.0101 

1 . 3 

28 . 5 

0.0094 

1 . 2 

28 . 2 

0 . 0067 

1 . 2 


192 


FIRST EXPT.» SINGLE HIRE DATA AT STN. 7, S • 64.13 CH . 


PT 

Y/DEL 

U/UP 

YPLUS 

UPLUS 

TURB. IN. 

DISP 

1 

0.004 

0.211 

4. 

5.8 

0 . 0648 

16.9 

2 

0 . 009 

0 . 287 

9. 

8.0 

0.0783 

17. 1 

3 

0.014 

0.351 

14 . 

9.7 

0.0812 

14.5 

4 

0.019 

0.400 

19. 

11.1 

0 . 0787 

14.9 

S 

0 .023 

0.428 

24. 

11.9 

0 . 0748 

13.9 

6 

0.028 

0 .459 

30 . 

12.7 

0.0705 

12.7 

7 

0 .034 

0 . 480 

36 . 

13.3 

0 . 0674 

12.3 

8 

0.040 

0 . 500 

42. 

13.8 

0 . 0646 

11.8 

9 

0 . 048 

0.514 

5 1 . 

14.2 

0.0617 

11.4 

10 

0.056 

0 .534 

59 . 

14.8 

0.0591 

10.7 

1 1 

0 . 064 

0 . 548 

68. 

15.2 

0.0572 

10.3 

12 

0 . 076 

0 . 560 

80. 

15.5 

0.0563 

9 . 9 

13 

0 . 096 

0 . 583 

10 1. 

16.2 

0 . 0548 

9.2 

14 

0.121 

0.615 

127. 

17.0 

0 .0534 

8. 2 

15 

0.154 

0 . 649 

162. 

18.0 

0.0514 

7 . 2 

16 

0.197 

0.673 

208. 

18.6 

0 .0504 

6 . 6 

17 

0.251 

0.739 

264. 

20 . 5 

0 . 0470 

4.9 

18 

0.321 

0.790 

338. 

21.9 

0 . 0423 

3.8 

19 

0.412 

0 .836 

434 . 

23. 1 

0.0363 

3.0 

20 

0 . 529 

0.883 

557 . 

24.5 

0.0319 

2.3 

21 

0 . 644 

0.919 

679. 

25.5 

0.0289 

2. 1 

22 

0.765 

0.940 

806 . 

26 . 0 

0 . 0274 

2. 0 

2 3 

0.871 

0.962 

9 17. 

26.6 

0 . 0266 

1 . 9 

24 

0.933 

0.977 

983. 

27 . 1 

0.0260 

1 .8 

25 

1.118 

1.013 

1 178. 

28.0 

0.0232 

1 . 6 

26 

1.231 

1.037 

1297 . 

28 . 7 

0 . 0209 

1 . 5 

27 

1.352 

1.031 

1424 . 

28 . 5 

0.0167 

1 . 4 

28 

1.472 

1 . 044 

1551 . 

28 . 9 

0.0125 

1 . 3 

29 

1 .609 

1.031 

1695 . 

28 . 5 

0.0093 

1 . 2 

30 

1.810 

1.012 

1907 . 

28 . 0 

0.0099 

1 . 2 
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FIRST CXPT., SINGLE HIRE DATA AT STN . S. S - 81.91 CM. 


PT 

Y/DEL 

U/UP 

YPLUS 

UPLUS 

TUR8. IN. 

DISP 

1 

0.003 

0 . 142 

4. 

4.7 

0.0459 

31.3 

2 

0 . 007 

0.212 

9. 

7.0 

0 . 0649 

30.0 

3 

0.010 

0.281 

14. 

9.2 

0 . 0741 

26 . 8 

9 

0.014 

0. 335 

19 . 

11.0 

0.0733 

24 . 8 

5 

0.017 

0 . 366 

23. 

12.0 

0.0703 

23 . 0 

6 

0.021 

0 . 390 

29. 

12.8 

0.0650 

22.0 

7 

0.025 

0.403 

35. 

13.2 

0.0628 

21.2 

a 

0.030 

0 . 420 

4 1 . 

13.8 

0 . 0599 

19.9 

9 

0.036 

0.433 

49 . 

14.2 

0 . 0575 

19 . 2 

10 

0.041 

0.444 

58. 

14.6 

0 . 0564 

19.2 

1 1 

0 . 047 

0 . 453 

66 . 

14.9 

0 . 0554 

18.3 

12 

0 .056 

0.471 

77 . 

15.4 

0 . 0542 

17.2 

13 

0 . 070 

0. 492 

98. 

16.1 

0 . 0533 

15.8 

m 

0 . 089 

0.516 

123 . 

16.9 

0 .0534 

14.6 

15 

0.113 

0.541 

157. 

17.8 

0.0519 

13.2 

16 

0.145 

0 . 578 

20 1 . 

19.0 

0.0510 

11.3 

17 

0 . 185 

0 622 

256 . 

20 . 4 

0. 0482 

9. 2 

18 

0.236 

0.67 1 

328. 

22. 0 

0 . 0444 

7 . 1 

19 

0 . 303 

0.725 

421 . 

23.8 

0 .0381 

5. 1 

20 

0 . 399 

0 . 786 

540 . 

25.8 

0.0302 

3.4 

21 

0.474 

0 820 

659 . 

26 . 9 

0 . 0255 

2.8 

22 

0.563 

0.860 

782. 

28. 2 

0.0230 

2.5 

23 

0.640 

0 . 890 

890 . 

29. 2 

0.0231 

2.3 

24 

0 . 687 

0.907 

954 . 

29 . 8 

0 .0228 

2.2 

25 

0.823 

0 . 946 

1143. 

3 1.0 

0.0213 

2. 1 

26 

0 .906 

0 . 968 

1258 . 

3 1.8 

0.0189 

1 . 9 

27 

0 .994 

0 . 989 

1381. 

32.5 

0.0151 

1 . 8 

28 

1 . 083 

1 . 000 

1504 . 

32.8 

0.0117 

1 . 7 

29 

1 . 184 

0 .999 

1644 . 

32.8 

0.0121 

1 . 7 

30 

1 . 332 

0.993 

1850 . 

32 . 6 

0.0138 

1 . 7 
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FIRST EXPT.. 


SINGLE WIRE RATA AT STN. 9» S - 97.16 CI1 . 


PT 

Y/OEL 

U/UP 

YPLUS 

UPLUS 

TURB. IN. 

OISP 

1 

0 . 003 

0.124 

4 . 

3.9 

0.0563 

72.2 

2 

0 . 006 

0.255 

9. 

8.0 

0 . 0766 

38.4 

3 

0.009 

0 . 333 

14. 

10.4 

0.0794 

34.4 

4 

0.012 

0 . 377 

19 . 

11.8 

0.0751 

31.1 

5 

0.014 

0 . 393 

23. 

12.3 

0 . 0733 

30.0 

6 

0.018 

0.414 

29 . 

12.9 

0 . 0693 

28.7 

7 

0.021 

0 .437 

34. 

13.6 

0 . 067 1 

25.9 

8 

0.025 

0.451 

41 . 

14. 1 

0 . 0647 

25.2 

9 

0.030 

0 . 464 

49 . 

14.5 

0 . 0622 

24.0 

10 

0.035 

0 . 477 

57 . 

14.9 

0.0599 

23.0 

1 1 

0.040 

0 . 485 

66 . 

15. 1 

0 .0587 

22.2 

12 

0.047 

0.495 

77. 

15.4 

0 . 0584 

21.6 

13 

0.060 

0.513 

98 . 

16.0 

0 .0568 

19.8 

14 

0 . 076 

0 . 537 

123. 

16.8 

0 . 0568 

17.8 

1 5 

0 . 096 

0 . 555 

157. 

17 . 3 

0 . 0564 

17.0 

16 

0.124 

0 . 586 

20 1 . 

18.3 

0 . 0566 

15.3 

17 

0.158 

0.618 

256 . 

19.3 

0 . 0556 

14.0 

18 

0.201 

0.658 

327 . 

20.5 

0 . 0539 

12.1 

19 

0 . 258 

0.708 

420. 

22. 1 

0 .0504 

9 . 5 

20 

0 . 332 

0 .767 

539 . 

23.9 

0 . 043C 

6 . 3 

21 

0.404 

0.810 

657 . 

25.3 

0 . 0358 

4 . 3 

22 

0.480 

0.842 

780 . 

26 . 3 

0.0312 

3 . 5 

23 

0 . 546 

0 . 878 

887 . 

27 . 4 

0 . 0258 

2.8 

24 

0.586 

0 . 897 

951 . 

28.0 

0.0258 

2.7 

25 

0.702 

0.928 

1 140 . 

29 . 0 

0 .0228 

2.4 

26 

0.772 

0.950 

1254 . 

29.7 

0 . 0208 

2.3 

27 

0 . 848 

0.972 

1377 . 

30 . 3 

0.0175 

2. 1 

28 

0.924 

0.981 

1 500 . 

30 . 6 

0.0131 

2.0 

29 

1.010 

0.991 

1640 . 

30.9 

0 . 0094 

2.0 

30 

1.136 

1.000 

1845. 

3 1.2 

0.0110 

2 . 0 
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FIRST EXPT. 


SINGLE WIRE DATA AT STN. 10, S « 112.4 CM. 


PT 

Y/OEL 

U/UP 

YPLUS 

1 

0.003 

0.153 

4. 

2 

0.006 

0 . 250 

9. 

3 

0.010 

0.319 

14 . 

4 

0.0 13 

0.363 

20 . 

5 

0.0 16 

0 . 385 

24. 

6 

0 . 020 

0.417 

30. 

7 

0.024 

0 . 430 

36. 

8 

0.028 

0 . 444 

43. 

9 

0.034 

0.461 

51 . 

10 

0 .039 

0.470 

60 . 

1 1 

0.045 

0.481 

68. 

12 

0 . 053 

0.493 

80 . 

13 

0 . 067 

0.513 

10 1. 

14 

0 . 085 

0.531 

128. 

15 

0.108 

0 . 549 

162. 

16 

0.138 

0 . 577 

208. 

17 

0.176 

0.609 

265. 

18 

0 . 225 

0 . 647 

339 . 

19 

0 . 289 

0.696 

436 . 

20 

0.371 

0.745 

559 . 

21 

0 .452 

0.793 

68 1 . 

22 

0 . 536 

0.843 

809 . 

23 

0.610 

0.875 

920 , 

24 

0.654 

0.891 

987 . 

25 

0.784 

0.940 

1182. 

26 

0.863 

0 .956 

1301. 

27 

0.948 

0.974 

1429 . 

28 

1.032 

1.000 

1 557 . 

29 

1.128 

0.999 

170 1. 

30 

1 . 269 

0.993 

19 14. 

31 

1.410 

0.997 

2127. 


UPLUS 

TURB , IN. 

DISP 

4 . 8 

0.0505 

34.7 

7.9 

0 . 0760 

31.3 

10.1 

0.0815 

27.6 

11.5 

0 . 0781 

25.4 

12.2 

0 . 0772 

23.5 

13.2 

0.0729 

21.8 

13.6 

0 . 0698 

2 1.4 

14.1 

0 . 0674 

20.7 

14.6 

0 . 0648 

18.9 

14.9 

0.0634 

18.2 

15.3 

0.0629 

17.7 

15.6 

0.0622 

16.9 

16.3 

0.0605 

15.1 

16.8 

0.0603 

13.9 

17 .4 

0 . 0658 

12.8 

18.3 

0 .0597 

11.8 

19.3 

0 .0598 

11.0 

20 . 5 

0 . 0594 

9.9 

22. 1 

0.0573 

8.6 

23.6 

0 . 0543 

7.0 

25 . 2 

0 . 0476 

5.3 

26.7 

0.0420 

3.6 

27 .7 

0 . 0374 

2.9 

28 . 3 

0.0357 

2.6 

29 . 8 

0.030 1 

2 . 2 

30 . 3 

0.0262 

2.0 

30 . 9 

0.0231 

1 . 9 

3 1.7 

0.0203 

1 . 8 

31.7 

0.0 182 

1.8 

31.5 

0.0215 

2. 0 

31.6 

0.0245 

2. 0 
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FIRST IXPT.. REYNOLDS' STRESSES AT STN. 1. S » -71.75 CM 


OUTPUT NONOIMENSIONALIEEO ON FRICTION VELOCITY 


PT 

T/OBL 

UV/UTSO 

US0/UTS9 

1 

0.067 

1.0095 

3.030 

2 

0.073 

1 .0107 

3.707 

3 

0.001 

1.0603 

3.676 

6 

0.103 

1.0622 

3.610 

5 

0.165 

1.0213 

3.676 

6 

0.270 

0.9S05 

3.120 

7 

0.663 

0.0067 

2.667 

0 

0.560 

0.6660 

1.900 

9 

0.692 

0.6953 

1 .616 

10 

0.022 

0.2000 

0.072 

11 

0.93S 

0.1322 

0.666 


DISPLACEMENT TNICKNESS a 0.50J CM 
MOMENTUM THICKNESS REYNOLDS NO. * 


VSQ/UTSQ 

WSQAITSQ 

QSQ/UTSQ 

1.522 

2.365 

7.705 

1.509 

2.256 

7.552 

1.676 

2.221 

7.369 

1 .601 

2.136 

7.235 

1.520 

2.036 

7.020 

1 .666 

1 .913 

6.507 

1.326 

1.659 

5.650 

1.060 

1.329 

6.365 

0.920 

0.970 

.306 

0.527 

0.503 

1 .902 

0.393 

0.315 

1.152 


MOMENTUM THICKNESS » 0.371 
3769. UTAU a 0.622 H/SEC 


A 

SHEAR CORR 

ANISOTROPY 

0.131 

0.610 

0. )36 

0.135 

0.626 

0.036 

0.161 

0.667 

0.060 

0.166 

0.650 

0.062 

0.165 

0.666 

0.062 

0.167 

0.660 

0.063 

0.160 

0.666 

0.066 

0.153 

0.661 

0.067 

0.150 

0.636 

0.065 

0.161 

0.613 

0.060 

0.115 

0.316 

0.026 


CM. DELTA 99 * E.939 CM. 

UPU « 16.00 M/SEC 


OUTWJT N0N01MENSI0NALI2ED ON HALL VELOCITY 


PT 

Y/OEL 

UV/UPWS 

USQAJPWS 

1 

0.067 

0.00152 

0.00579 

2 

0.073 

0.00156 

0.00572 

3 

o.oai 

0.00157 

0.00555 

6 

0.103 

0.00157 

0.00566 

5 

0.165 

0.00156 

0.00525 

6 

0.270 

0.00165 

0.00672 

7 

0.663 

0.00122 

0.00373 

a 

0.568 

0.00101 

0.00300 

9 

0.692 

0.00075 

0.00216 

10 

0.822 

0.00062 

0.00132 

It 

0.935 

0.00020 

0.00067 


VSQ/UPWS 

HSQ/UPHS 

QSQ/UPWS 

0.00230 

0.00356 

0.01 163 

0.00228 

0.00361 

0.01160 

0.00223 

0.00335 

0.01113 

0.00226 

0.00323 

0.01092 

0.00229 

0.00307 

0.01061 

0.00221 

0.00289 

0.00983 

0.00200 

O.C0250 

0.00823 

0.00158 

0.00201 

0.00659 

0.00139 

0.00166 

0.00699 

0.00080 

0.00088 

0.00299 

0.00059 

0.00068 

0.00176 


197 


MUST tXPT., REYNOLDS* STRESSES AT STN. 2, S » -A1.27 CM 


OUTPUT NON01MENSIONALI2EO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSq 

usQArrsQ 

VSQ.7l*T5Q 

1 

0.061 

0.9765 

4.210 

1 .695 

2 

0.079 

0.96 50 

4.112 

1 .606 

3 

0.090 

0.9793 

4.010 

1 .613 

6 

0.120 

0.9000 

3.935 

1.570 

S 

0.160 

0.9915 

3.079 

1.506 

6 

0.103 

0.9606 

3.736 

1 .503 

7 

0.226 

0.9863 

3.519 

1.592 

0 

0.279 

0.9522 

3.310 

1 .551 

9 

0.364 

0.9015 

3.052 

1 .675 

10 

0.626 

0.0201 

2.707 

1 .360 

11 

0.523 

0,6959 

2.266 

1.101 

12 

0.666 

0.5067 

1 .667 

0.929 

13 

0.796 

0.2092 

0.971 

0.575 

14 

0.901 

0.0590 

0.259 

0.223 

15 

1.210 

- 0.0126 

0.020 

0.030 


HSQAJTSQ 

RSq/UTSQ 

A 

SHEAR CORR 

2.713 

0.610 

0.113 

0.366 

2.555 

0.271 

0.117 

0.376 

2.606 

0.037 

0.122 

0.305 

2.353 

7.858 

0.125 

0,395 

2.262 

7,725 

0.128 

0.600 

2.219 

7.538 

0.120 

0.390 

2.195 

7.306 

0.135 

0.616 

2.160 

7.009 

0.136 

0.420 

2.061 

6.568 

0.137 

0.425 

1 .066 

5.933 

0.130 

0.627 

1.613 

5.060 

0.130 

0.625 

1.223 

3.019 

0.133 

0.607 

0.712 

2.258 

0.128 

0.306 

0.200 

0.690 

0.006 

0.265 

0.011 

0.061 

- 0.205 

- 0.506 


ANISOTROPY 

0.026 

0.027 

0.030 

0.031 

0.033 

0.033 

0.036 

0.037 

0 . 03 d 

0 . 03 S 

0.039 

0.035 

0.033 

0 . 0<5 

0.006 


DISPLACEMENT THICKNESS = 0.572 CM. MOMENTUM THICKNESS = 0.619 CM. DELTA 99 * 3.629 CM. 


MOMENTUM THICKNESS REYNOLDS NO. = 6312. UTAU = 0.616 M.'5EC 


UPH = 15.91 M/SEC 


OUTPUT NONOIMENSIONALIZEO ON WALL VELOCITY 


PT 

T/OEL 

UV/UPWS 

USR/UPWS 

1 

0.061 

0.00165 

0.00627 

2 

0.079 

0.00166 

0.0061 3 

3 

0.098 

0.00166 

0.00599 

4 

0.120 

0.00166 

0.00506 

5 

0.160 

0.00166 

0.00578 

6 

0.183 

0.00166 

0.00557 

7 

0.226 

0.00167 

0.00526 

0 

0.279 

0.00162 

0.00693 

9 

0. 366 

0.001 36 

0.00-.55 

10 

0.626 

0.00122 

0.00603 

11 

0.525 

0.00106 

0.00338 

12 

0.666 

0.00075 

0.00268 

13 

0.796 

0.00063 

0.00165 

16 

0.901 

0.00009 

C. 00039 

15 

1.210 

-0.00002 

0.00003 


VSQ-'UPWS 

WSQ/X)PUS 

QSQ/UPUS 

0.00255 

0.00606 

0.01286 

0.00239 

0.00581 

0.01232 

0.00260 

0.00353 

0.01198 

0.002 36 

0.00351 

0.01171 

0.00236 

0.00357 

0. 01 151 

0.002 36 

0.00331 

0.01123 

0.00237 

0.00327 

0.01069 

0.00231 

0.00320 

0 .01066 

0.00220 

0.00306 

0.00979 

0.00203 

0.002 78 

0.00866 

0.00176 

0.00260 

0.00756 

0.00138 

0.00182 

0.00569 

0.00066 

0.00106 

0.00336 

0.00033 

0.00031 

0.00103 

0.00006 

0.00002 

0.00009 


FIRST CXPT.. REYNOLOS* STRESSES AT STN. S. S « -A. IS CM. 


OUTPUT NONDIMENSIONALIZEO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSq 

USQ/UTSQ 

VSO/UTSQ 

MSQ/VrSQ 

QSQ/UTSQ 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.050 

1.0261 

6.506 

1 .678 

2.720 

8.901 

0.115 

0.373 

0.027 

2 

0.055 

1 .0007 

6.603 

1.676 

2.659 

8.737 

0.115 

0.369 

0.026 

3 

0.069 

0.9795 

6.306 

1.581 

2.512 

8.399 

0.117 

0.375 

0.027 

6 

0.085 

0.9661 

6.152 

1.532 

2.601 

8.066 

0.120 

0.363 

0.029 

5 

0.)05 

0.9392 

3.999 

1.516 

2.283 

7.798 

0.120 

0.381 

0.029 

6 

0.129 

0.9590 

3.923 

1.500 

2.266 

7.689 

0.125 

0.395 

0.031 

7 

0.159 

0.9053 

3.663 

1 .680 

2.103 

7.066 

0.128 

0.399 

0.033 

8 

0.197 

0.9138 

3.368 

1 .675 

2.096 

6.91 7 

0.132 

0.611 

0.035 

9 

0.263 

0.6813 

3.186 

1.6^5 

2.0)0 

6.669 

0.133 

0.609 

0.035 

10 

0.299 

0.6566 

2.667 

1.613 

1.959 

6.239 

0.137 

0.626 

0.038 

) ) 

0.369 

0.8255 

2.666 

1.366 

1 .636 

5.629 

0.162 

0.637 

0.060 

12 

0.655 

0.7118 

2.272 

1 .206 

1 .656 

5.132 

0.139 

0.630 

0.038 

13 

0.56) 

0.5706 

1 .6)6 

1.001 

1 .359 

6.175 

0.137 

0.623 

0.037 

16 

0.693 

0.3799 

1.229 

0.705 

0.900 

2.635 

0.136 

0.608 

0.036 

15 

0.655 

0.1582 

0.505 

0.377 

0.393 

1.276 

0.126 

0.362 

0.031 

16 

1.056 

0.0106 

0.105 

0.106 

0.079 

0.288 

0.037 

0.10) 

0.003 


DISPLACEMENT THICKNESS = 0.6)0 CM. MOMENTUM THICKNESS = 0.662 CM. DELTA 99 = 3.957 CM. 


MOMENTUM THICKNESS REYNOLDS NO. * 6622. UTAU = 0.6)8 M/SEC UPW = 16.05 M/SEC 


OUTPUT NOMDIMENSIONALIZEO ON HALL VELOCITY 


PT 

Y/OEL 

UVAJPWS 

usq/UPMS 

VSQ/UPHS 

USQ/UPHS 

QSQ/UPWS 

1 

0.050 

0.00152 

0.00667 

0.00268 

0.00603 

0.013)8 

2 

0.055 

0.00168 

0.00652 

0.00268 

0.00396 

0.01296 

3 

0.069 

0.00165 

0.00638 

0.00236 

0.00372 

0.01266 

6 

0.085 

0.00163 

0.00615 

0.00227 

0.00355 

0.01197 

5 

0.105 

0.00139 

0.00592 

0.00225 

0.00338 

0.01155 

6 

0.129 

0.00)62 

0.00581 

0.00222 

0.00336 

0.01139 

7 

0.159 

0.00136 

0.00516 

0.00219 

0.00311 

0.01C66 

a 

0.197 

0.00135 

0.00696 

0.002)8 

0.003)0 

0.01026 

9 

0.263 

0.001 31 

0.0067) 

0.00215 

0.00298 

0.0090$ 

10 

0.299 

0.00127 

0.00625 

0.00209 

0.00290 

0.00926 

11 

0.369 

0.00122 

0.00392 

0.00)99 

0.00272 

0.00863 

12 

0.655 

0.00105 

0.00336 

0.001 78 

0.00265 

0.00760 

13 

0.561 

0.00086 

0.00269 

0.00168 

0.0020) 

0.006)0 

16 

0.693 

0.00056 

0.00182 

0.00)06 

0.00)33 

0.00620 

IS 

0.855 

0.00023 

0.00075 

0.00056 

0.00058 

0.00189 

16 

1 .056 

0.00002 

0.00016 

0.000)5 

0.00012 

0.00063 
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» * 


FIRST EXPT., REYNOLDS' STRESSES AT STN. A, S : 16.20 CM. (20.6 DEO) 


OUTPUT NONDIMENSIONALIZED ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTS(J 

US3/UTSQ 

VSq/UTSQ 

HSQ/UTSQ 

QSQ/UTSQ 

A 

SHEAR CORR 

ANISOTR( 

1 

0.03A 

0.65AH 

3.00A 

1 .363 

2.007 

6.375 

0.103 

0.323 

0.021 

2 

O.OA6 

0.6238 

2.939 

1.270 

1 .882 

6.091 

0.102 

0.323 

0.021 

3 

0.0.57 

0.6009 

2.876 

1 .21A 

1.781 

5.871 

0.102 

0.322 

0.021 

A 

0.070 

0.5523 

2.781 

1.157 

1 .72A 

5.662 

0.098 

0.308 

0.019 

5 

0.087 

0.A917 

2.73A 

1 .079 

1 .6A7 

5.460 

0.090 

0.286 

0.016 

6 

0.107 

0. 399J 

2.591 

1 .013 

1.586 

5.191 

0.077 

0.246 

0.012 

7 

0.131 

0. 308 A 

2.501 

0.95A 

1.517 

4.972 

0.062 

0.200 

0.008 

a 

0.162 

0.2091 

2.363 

0.91 3 

1 .A35 

4.71 1 

0.044 

0.142 

0.004 

9 

0.201 

0. IA80 

2.2A0 

0.907 

1.401 

4.547 

0.033 

0.104 

0.002 

10 

0.2A7 

0.0876 

2.171 

0.093 

1 .344 

4.409 

0.020 

0.063 

0.001 

11 

0.305 

O.OA9A 

2.086 

0.903 

• . 312 

4.301 

0.01 1 

0.036 

0.000 

•2 

0.376 

0.0135 

1 .957 

0.877 

1.269 

4. ,03 

0.003 

0.010 

0.000 

13 

0.A6A 

-0.01A0 

1 .808 

0.82 A 

1 . 183 

3.815 

-0.004 

-0.011 

0.000 

1A 

O.S72 

-0.0377 

1 .579 

0.7A6 

1.042 

3.367 

-0.01 1 

-0.035 

0.000 

15 

0.706 

-0.067A 

1 .257 

0.595 

0.793 

2.645 

-0.025 

-0.078 

0.001 

16 

0-871 

-0.0713 

0.9A3 

0.A35 

0.533 

2.011 

-0.035 

-0.105 

0.003 

17 

1 .07A 

-0.0A53 

0.315 

0.239 

0.208 

0.762 

-0.059 

-0.165 

0.007 

ia 

1 .325 

-0.0086 

0.036 

0.050 

0.028 

0.115 

-0.075 

-0.202 

0.011 

DISPLACEMENT 

THICKNESS 

= 0.681 CM. 

MOMENTUM THICKNESS = 0.A93 

CM. 

DELTA 99 * 

3.863 CM. 


MOMENTUM THICKNESS REINOLOS NO. = 5066. 


UTAU = 0.575 M/SEC 


UPW = 16.09 M/SEC 


OUTPUT NONOIMEN3IONAI IZED ON WALL VELOCITY 


PT 

Y/OEL 

uv/upws 

USQ-UPHS 

VSQ/UPWS 

WSQ/UPWS 

OSQ/UPWS 

1 

0.034 

0.00084 

0.00 364 

0.00174 

0.00257 

0.00316 

2 

0.046 

0.00080 

0.00376 

0.00163 

0.00241 

0.00779 

3 

0.057 

0.00077 

0.00363 

0.00155 

0.00228 

0.00751 

A 

0.070 

0.00071 

0.00356 

0.00148 

0.00221 

0.00724 

5 

0.087 

0.00065 

0.00350 

0.00138 

O.OODI 1 

0.00699 

6 

0.107 

O.C0051 

0.00332 

0.00130 

0.00203 

0.00664 

7 

0.151 

0.00059 

0.00320 

0.00122 

0.00194 

0.00636 

8 

0.162 

0.00027 

0.00302 

0.001 17 

0.00184 

0.00603 

9 

0.201 

0.00019 

0.00287 

0.00116 

0.001 79 

0.00582 

10 

0.247 

0.0001 1 

0.00273 

0.00114 

0.001 72 

0.0C564 

11 

0.305 

O.OC0O6 

0.00267 

0. 00115 

0.00168 

0.00550 

12 

0.376 

0 .00002 

0.00250 

0.00112 

0.00162 

0.00525 

15 

0.464 

-0.00002 

0.00231 

0.00105 

0.00151 

0.00438 

14 

0.572 

-0.00005 

FJ 

o 

o 

o 

o 

0.000 -5 

0.00133 

0.00431 

15 

0.706 

-0.00009 

0.00161 

0.00076 

0.00102 

C. 00333 

16 

0.871 

-0.00009 

0.00121 

0.02062 

0.00075 

0.00257 

17 

1 .074 

-0.00006 

0 00040 

0.00031 

0.00027 

0.00093 

18 

1.325 

-0.00001 

0.00005 

0.00006 

0.00004 

0.00015 


I 

I 


T 

L 


:oo 



FIRST CXPT.. RETNOLOS' STRESSES AT STN. S. S « SS.6S CN. (AE.S 0E6) 


OUTPUT NONDIHENSIONALIZEO ON FRICTION VELOCITT 


PT 

Y/OEL 

UV/UTSQ 

USQ/UTSO 

VSO/UTSq 

HSQ/UTSQ 

QSOAITSQ 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.031 

0 . 8809 

3.099 

1.829 

2.093 

8.781 

0.127 

0.387 

0.032 

2 

0.091 

0.8912 

2.988 

1.523 

2.081 

8.599 

0.128 

0.3% 

0.033 

3 

0.051 

0.8069 

2.821 

1.387 

1.933 

8.121 

0.132 

0.911 

0.035 

9 

0.089 

0.7508 

2.725 

1.275 

1.833 

5.832 

0.129 

0.903 

0.033 

5 

0.087 

0.6990 

2.571 

1.189 

1.785 

5.525 

0.127 

0.909 

0.032 

8 

0.110 

0.6111 

2.339 

1.087 

1 .628 

5.027 

0.122 

0.387 

0.030 

7 

0.138 

0.5159 

2.075 

0.991 

1 .992 

9.508 

0.119 

0.389 

0.028 

8 

0.173 

0.9152 

1 .825 

0.898 

1.359 

9.027 

0.103 

0.339 

0.021 

9 

0.218 

0.3282 

1 .583 

0.789 

1 .237 

3.589 

0.092 

0.300 

0.017 

10 

0.289 

0.2912 

1 .393 

0.712 

1.121 

3.178 

0.078 

0.297 

0.012 

11 

0.339 

0.1813 

1.198 

0.703 

1.088 

2.988 

0.081 

0.198 

0.007 

12 

0.915 

0.1179 

1.118 

0.713 

1.001 

2.832 

0.092 

0.132 

0.003 

IS 

0.519 

0.0598 

1.008 

0.700 

0.913 

2.621 

0.023 

0.071 

0.001 

19 

0.837 

0.0136 

0.887 

0.688 

0.788 

2.301 

0.006 

0.018 

0.000 

15 

0.789 

-0.0390 

0.819 

0.592 

0.999 

1 .680 . 

-0.023 

-0.087 

0.001 

16 

0.975 

-0.0928 

0.199 

0.280 

0.188 

0.887 

-0.089 

-0.180 

0.000 

17 

1.217 

-0.0109 

0.018 

0.073 

0.091 

0.132 

-0.082 

-0.297 

0.019 

18 

1.990 

-0.0038 

0.01 7 

0.023 

0.015 

0.059 

-0.087 

-0.187 

0.009 


DISPUCEKENT THICKNESS = 0.787 CM. MOMENTUM THICKNESS = 0.551 CM. DELTA 09 * 9.209 CM. 
MOMENTUM THICKNESS REYNOLDS NO. » 5709. UTAU = 0.528 M/SEC UPN s 18.15 M/SEC 


OUTPUT NONOIMENSION4LI2EO ON HALL VELOCITY 


PT 

Y/OEL 

UV/UPH5 

USQ/UPUS 

VSQ/UPWS 

HSq/UPUS 

QSq/UPWS 

1 

0.031 

0.00092 

0.00328 

0.00179 

0.00229 

0.00723 

2 

0.091 

0.00090 

0.0031 7 

0.00183 

0.00220 

0.00700 

3 

0.051 

0.00088 

0.00302 

0.00198 

0.00207 

0.00855 

9 

0.089 

0.00080 

0.00291 

0.00138 

0.00196 

0.00629 

5 

0.087 

0.00075 

0.00275 

0.00127 

0.00189 

0.00591 

8 

I..110 

0.00065 

0.00250 

0.00119 

0.00179 

0.00538 

7 

0. 1 38 

0.00055 

0.00222 

0.00101 

0.00160 

0.00982 

8 

0.173 

0.00099 

0.00195 

0.00091 

0.00195 

0.00931 

9 

0.218 

0.00035 

0.00187 

0.00082 

0.00132 

0.00331 

10 

0.269 

0.00028 

0.00199 

0.00078 

0.00120 

0.00390 

1 1 

0.339 

0.00019 

0.00128 

0.00075 

0.00119 

0.00317 

12 

0.915 

0.00013 

0.00120 

0.00076 

0.00107 

0.00303 

13 

0.519 

0.00008 

0.00108 

0.00075 

0.00098 

0.00280 

19 

0.8 37 

0.00001 

0.00093 

0.00071 

0.00082 

0.00296 

15 

0.789 

-0.00009 

0.00066 

0.00058 

0.00053 

0.00178 

18 

0.975 

-0.00005 

0.00021 

0.00030 

0.00020 

0.00071 

17 

1.217 

'0.00001 

0.00002 

0.00008 

0.00009 

0.00019 

18 

1 .990 

-0.00000 

0.00002 

0.00002 

0. 00002 

0.00008 


?01 


riRST EXPT., RCYWLOS* STRESSES AT STH. 6, S = 50.80 CM. ISA. 7 OEBI 


OUTPUT HONDIMENSIONAIIZED ON FRICTION VELOCITY 


PT 

Y/DEL 

1 

0.039 

2 

0.091 

3 

0.050 

9 

0.062 

5 

0.076 

6 

0,099 

7 

0.116 

8 

0.193 

9 

0.177 

10 

0.216 

11 

0.269 

12 

0.331 

13 

0.909 

19 

0.509 

15 

0.622 

16 

0.767 

17 

0.996 

18 

1 . 167 


DISPLACEMENT 


UV/\iTsq 
0.8A6A 
O.eOSA 
0.78M 
0.7A7J 
0.7115 
0.6589 
0.6156 
0.5017 
0.A:37 
0 .3206 
O.ZZAO 
0.1792 
0.1391 
0.1138 
0.1033 
0.0527 
•0.0053 
-0.0! 79 

THICKNESS 


usoAnso 

vsu/vrsd 

HEQ/UTSQ 

0S9/UTSQ 

A 

SHEAR CORR 

3.296 

(.828 

2.939 

7.569 

0.112 

0.395 

3.166 

1 .699 

2.381 

7.196 

0.112 

0.353 

3.098 

1.569 

2.327 

6.999 

0.112 

0.359 

3.025 

1.502 

2.230 

6.757 

0.111 

0.351 

2.988 

1 .991 

2.168 

6.598 

0.108 

0.393 

2.615 

1.351 

2.079 

6.226 

0.106 

0,390 

2.699 

1 .238 

1 .990 

5.627 

0.106 

0. 390 

2.950 

1 .097 

1 .615 

5.391 

C.099 

0.307 

2.211 

0.969 

1 .609 

9.763 

0.089 

0.290 

1.883 

0.800 

1.386 

9.069 

0.079 

0.261 

1 .597 

0.677 

1 .220 

3.999 

0.067 

0.225 

1.270 

0.591 

1.062 

2.923 

0.061 

0.207 

1 .097 

0.559 

0.959 

2.610 

0.053 

0.17V 

0.976 

0.599 

0.886 

2.906 

0.097 

0.156 

0.861 

0.539 

0.813 

2.213 

0.097 

0.152 

0.697 

0.517 

0.589 

1.759 

0.030 

0.091 

0.270 

0.369 

0.263 

0.902 

-0.006 

-0.017 

0.057 

0.058 

0.096 

0.161 

-0.111 

-0.310 


» 0.879 CM. MOMENTUM THICKNESS = 0.992 CM. DELTA 99 s 


MOMENTUM THICKNESS REYNOLDS NO. = 6165. UTAU = 0.982 M/SEC 


UPN : 16 


OUTPUT NONDIMEN51ONALIZE0 ON WALL VELOCITY 


PT 

Y/OEL 

UV-UPUS 

USQ.'TJPWS 

VS9/3JPWS 

USQ/UPHS 

QSQ.UPWS 

1 

0.039 

0.00076 

0.00295 

0.00169 

0.00218 

0.00677 

2 

0.091 

0.00072 

0.00263 

O.COI98 

0.0021 3 

0.00699 

3 

0.050 

0.00070 

0.00277 

0.00190 

0.00208 

0.00626 

9 

0.062 

0.00067 

0.00271 

0.00139 

0.00200 

0.00695 

5 

0.076 

0.00069 

0.00267 

0.00129 

0.00169 

0.00590 

6 

0.099 

0.00059 

0.08252 

0.00119 

0.00186 

0.00557 

7 

0.116 

0.00055 

0.00237 

0.00111 

0.00179 

0.00521 

8 

0.193 

0 . 00095 

0.0021 7 

0.00098 

0.00162 

0.00978 

9 

0.177 

0.00038 

0.001 98 

0.00086 

0.00199 

0.0C923 

10 

0.218 

0.00029 

0.00168 

0.00072 

0.00129 

0.00369 

1 1 

0.269 

0.00021 

0.00138 

0.00061 

0.00109 

0.003C8 

12 

0.331 

0.00016 

0.001 19 

0.00053 

0.00095 

0.00262 

13 

0.909 

0.00012 

0.00098 

0.00050 

0.00086 

0.00233 

19 

0.509 

0.00010 

0.00087 

0.00099 

0.00079 

0.00215 

15 

0.622 

0.00009 

0.00077 

0.00098 

0.00073 

0.00198 

16 

0.767 

0.00005 

0.00058 

0.00096 

0.00053 

0 00157 

17 

0 . 996 

-0 . 00000 

0.00029 

0.00033 

0.00029 

0.00081 

18 

1 , 167 

-0.00002 

0.00005 

0.00005 

0.00009 

0.00019 




ANISOTROPY 

0.025 

0.025 

0.025 

0.029 

0.023 

0.022 

0.022 

0.018 

0.016 

0.012 

0.009 

0.003 

0.006 

0.009 

0.009 

0.002 

0.000 

0.025 

9.387 CM. 

.10 M/SEC 


f7,.ir tXPT., REYNOLDS' STRESSES AT STN. 7, S » AA.13 CM. (61.6 0EO1 


^ 1 


OUTPUT NOM)INENSIONALIZEO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UT50 

USOAnSQ 

VSQ/UTSq 

HSQAJTSq 

QSQAJTSQ 

A 

SHEAR CORR 

1 

0.029 

0.0723 

3.076 

1 .625 

2.169 

6.051 

0.127 

0.390 

? 

0.060 

0.06?S 

2.056 

1 .606 

2.071 

6.609 

0.135 

0.619 

3 

0.069 

0.0301 

2. 776 

1.629 

1.902 

6.105 

0.136 

0.617 

6 

0.060 

0.0109 

2.705 

1.360 

1.910 

5.991 

0.137 

0.626 

5 

0.075 

0.7050 

?.509 

1 .313 

1 .061 

5.763 

0.136 

0.626 

6 

0.09? 

0.7606 

2.697 

1 .239 

1 .000 

5.566 

0.136 

0.621 

7 

0.113 

0.67?? 

2.376 

1.170 

1.710 

5.261 

0.120 

0.603 

a 

0.160 

0 . 5006 

2.176 

1.053 

1 .607 

6.057 

0.122 

0.309 

9 

0.172 

0.6920 

1 .961 

0.926 

1.650 

6.323 

0.116 

0.360 

10 

0.213 

0.3733 

1 .653 

0.702 

1 .260 

3.696 

0.101 

0.320 

11 

0.26? 

0.2560 

1 .356 

0.620 

1 .057 

3.061 

0.006 

0.277 

1? 

0.3C3 

0.1663 

1.113 

0.696 

0.006 

2.693 

0.066 

0.221 

13 

0.399 

0.0969 

0.931 

0.626 

0.765 

2.121 

0.066 

0.156 

16 

0.69? 

0.0676 

0.050 

0.606 

0.711 

1 .975 

0.036 

0.115 

IS 

0.607 

0.05-«9 

0.773 

0.395 

0.627 

1 .795 

0.031 

0.099 

16 

0.769 

0.063? 

0.620 

0.306 

0.672 

1 .670 

0.029 

o.osa 

17 

0.926 

0.0175 

0.313 

0.326 

0.251 

0.007 

0.020 

0.055 

10 

1.160 

-0.0226 

0.060 

0.100 

0.059 

0.220 

-0.099 

-0.200 

19 

1 .606 

-0.0260 

0.056 

0.111 

0.072 

0.237 

-0.113 

-0.366 


DISPLACEMENT THICKNESS - 0.<>0« CM. MOMENTUM THICKNESS = 0.61? CM. DELTA 99 5 ' 

MOMENTUM THICKNESS REYNOLDS NO. * 635?. UTAU = 0.990 M/'SEC UPM = 16 


OUTPUT NONOIMENSIONALIZEO ON HALL VELOCITY 


PT 

Y/OEL 

UV/l'PUS 

USU.-'UPWS 

VSO.'UPWS 

WSQ/UPHS 

QSQ/UPUS 

1 

0.029 

0.0000! 

0.00286 

0.00151 

0.00200 

0.00637 

2 

O.C60 

0.00090 

0.00265 

0.001 38 

0.00193 

0.00596 

3 

0.069 

0.00077 

0.0025.9 

O.CIOI 33 

0.00186 

0.00575 

6 

0.060 

0.00076 

0.00252 

0.00127 

0.00178 

0.00557 

5 

0.075 

0.00073 

0.00261 

0.00122 

0.00173 

0.00536 

6 

0.092 

0.00069 

0.00232 

0.00115 

0.00168 

0.00516 

7 

0.113 

0.00063 

0.00221 

0.00109 

0.00160 

0.00689 

0 

0.160 

0.00055 

0.00202 

0.00098 

0.00169 

0.00650 

9 

0.172 

0.00096 

0.00101 

0.00086 

0.001 36 

0.0060? 

10 

0.213 

0.00035 

0.00156 

O0CO73 

0.0011 7 

0.00366 

1 1 

0.262 

0.00026 

0.00126 

0.00C58 

0.00098 

0.00283 

12 

0. 323 

0.00015 

0.00106 

0. OCOne 

0.00032 

0.00232 

1 3 

0. 399 

0 . 00009 

0.00097 

0.00039 

0 .00071 

0.00197 

16 

0.692 

0.00006 

o.oooao 

0.00058 

0 . 00066 

0.00186 

15 

0.607 

0.00005 

0.00072 

0.00037 

0.00053 

0.00167 

16 

0.7v9 

0 . OCOO't 

0.00050 

0.00036 

0 .00066 

0.00137 

1 7 

0.926 

0.00002 

0.00029 

0.00030 

O.0CO23 

O.C0083 

10 

1.160 

-0.00002 

0.00006 

0 00010 

0.00005 

0.00021 

i9 

1 .606 

-0 . 00002 

0.00005 

0.00010 

0.00007 

0.00022 



203 



ANISOTROPY 

0.03? 

0.036 

0.036 

0.037 

0.037 

0.036 

0.033 

0.030 

O.OZ6 

0.020 

0.016 

0.009 

0.006 

0 . 00 ? 

0 . 00 ? 

0 . 00 ? 

0.001 

o.o;o 

0.0?6 

>.693 CM. 
.00 M/SEC 




1 


FIH8T tXPT., RETfOLOS* 


Stresses at stn. Sa s > oi.si cm. 


PT 

T/OEL 

1 

0.093 

2 

0.052 

3 

0 .'65 

9 

0, j80 

5 

0.099 

6 

0.122 

7 

0. 151 

8 

0.186 

9 

0.229 

10 

0.283 

1) 

0.399 

12 

0.930 

13 

0.530 

19 

0.659 

IS 

0.807 

16 

0.996 

17 

1.229 


UV/UTSD 

USQATTSD 

1.0092 

3.601 

1.0331 

3.959 

1.0970 

5.368 

1 .0719 

3.918 

1 .0699 

3.352 

1.0809 

3.383 

1.0610 

3.301 

1 .0699 

3.299 

1.0162 

3.05-* 

0.8977 

2.767 

0.7365 

2-290 

0.5315 

1 .59) 

0.5901 

1 .185 

0.2628 

0.797 

0.2030 

0.699 

0.0336 

0.380 

-0.0916 

0.232 


DISPLACEfIFNT THICKNESS = Q.eoj CM. 
MOMENTUM THICKNESS REYNOLDS NO. = 


OUTPUT NONOIMENSIONALIZEO on FRICTION VELOCITY 


VSq/UTSQ HSQ/UT3Q QSQ/UTSO 
<.57J E.AIS 7.601 
<•605 2.325 7584 

<•613 2.297 7.278 

1.638 2.266 7.322 

1-667 2.285 7.28<t 

1-682 2.2C,5 7.3)0 

1 -653 2.2<»6 7.200 

1-605 2.23) 7.080 

1 - 5)9 2 .) 3 ; 8899 

1-529 ).9)3 6.009 

1-095 ).566 9.850 

0.798 ).)85 3.529 

0.569 0.992 2.697 

0 .905 0.71) 1.911 

0.372 0.56) 1.58) 

0.392 0.332 1.059 

0.391 0.23) 0.809 


A 

0.132 
0.19) 
0.199 
0. 196 
0.197 
0.198 
0.197 
0.151 
0.152 
0.199 
0.152 
0.151 
0.195 
0.137 
0.128 
0.079 
-0.119 


9.168 CM. 


momentum thickness = O.S91 CM. 


DELTA 99 s 


SHEAR CORR 
0.922 
0.991 
0.999 
0.953 
0.959 
0.953 
0.959 
0.969 
0.973 
0.968 
0.981 
0.987 
0.975 
0.962 
0.913 
0.232 
-0.325 


ANISOTROPY 

0.035 

0.090 

0.09) 

0.093 

0.091 

0.099 

0.093 

0.096 

0.096 

0.095 

0.096 

0.095 

0.092 

0.038 

0.033 

0.013 

0.026 


5579. 


UTAU = 0.509 M/SEC 


UPW s )6.02 M/SEC 


OUTPUT NONDIMENSIOHALI2ED ON WALL VELOCITY 


PT 

Y/OEL 

UV/UPW5 

1 

0.093 

0.00099 

2 

0.052 

0.00103 

3 

0.065 

0.001C9 

9 

0.060 

0.00106 

5 

0.099 

0.00 <06 

6 

0.122 

0.00107 

7 

0.151 

0.00105 

8 

0.186 

0.00)06 

9 

0.229 

0.00)01 

10 

0.263 

0 . 00039 

11 

0. 5-«9 

0.00073 

12 

0.930 

0.0005 3 

13 

0.550 

O.OOC 39 

19 

0.659 

0 . 00026 

15 

0.80? 

0. 00020 

16 

0.996 

0 . 0000,9 

17 

1 .229 

-0.00009 


USq-'UPWS VSQ/TJPWS 

0.00357 0.00156 

0.00392 0.00159 

0.00333 0.00160 

0.00336 0.00162 

0.00330 0.00165 

0.00335 0.00167 

0-00327 0.00169 

0.00321 0.00159 

0.00302 0.00150 

0.00279 0.00132 

0.00222 0.00103 

0.00156 0.000/’-» 

0.001)7 0 . 0C05o 

0.00079 0.00090 

0.00069 0.00057 

0.00013 0,00059 

0.00023 0.00039 


HS3/UPWS 

QSQ/UPUS 

0.00290 

0.00755 

0.00230 

0.00731 

0.00227 

0.00720 

0.00229 

0.00725 

0.00226 

0.00721 

0.00222 

0.00729 

0 . 00222 

0.00713 

0.0022) 

0.00701 

0.0021 ) 

0.00663 

0.00189 

0.00595 

0.00155 

0 . 00930 

0 .001 1 7 

0.00399 

0.00093 

0.00267 

0.00070 

0.00189 

0.00056 

0.00157 

0.00033 

0.00109 

0.00025 

0.00080 





FIRST EXPT. . REYNOLDS' STRESSES AT STN 


9, S s 97. J6 CM 


OUTPUT NONDIMENSIONALIZEO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UT3Q 

USQ/UTSQ 

VSO/UTSa 

HSQ/UTSq 

QSPAITSQ 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.039 

1 .0012 

3.579 

1.566 

2.915 

7.561 

0.132 

0.923 

0.035 

• 

0.090 

1 .0390 

3.933 

1 .590 

2.312 

7.399 

0.191 

0.992 

0.090 

i 

0.059 

1.0937 

3.390 

1 .606 

2.205 

7.230 

0.199 

0.950 

0.092 

9 

0.073 

1 .0609 

3.397 

1 .631 

2.255 

7.282 

0.197 

0.959 

0.093 

S 

0.090 

1.0665 

3.312 

1 .659 

2.273 

7.299 

0.197 

0.955 

0.093 

6 

0.111 

1 .0773 

3.362 

1 .679 

2.233 

7.270 

0.190 

0.959 

0.099 

7 

0.137 

1 . 0576 

3.201 

1 .696 

2.239 

7.161 

0.190 

0.955 

0.099 

6 

0.169 

1.0665 

3.225 

1 .590 

2.219 

7.092 

0.151 

0.970 

0.096 

9 

0.200 

1 .0131 

3.036 

1 .507 

2.121 

6.669 

0.152 

0.979 

0.096 

10 

0.256 

0.0955 

2.751 

1.329 

1 .909 

5.979 

0.150 

0.969 

0.095 

11 

0.316 

0.7359 

2.220 

1 .092 

1 .559 

9.028 

0.152 

0.983 

0.096 

IE 

0.390 

0.5319 

1 .509 

0.797 

1.181 

3.512 

0.151 

0.989 

0.096 

13 

0.996 

0.3916 

1 .101 

0.570 

0.990 

2.690 

0.196 

0.977 

0.092 

19 

0.599 

0.2651 

0.796 

0.907 

0.710 

1.913 

0.139 

0.966 

0.030 

15 

0.732 

0.2050 

0.690 

0.379 

0.561 

1.583 

0.130 

0.918 

0.039 

16 

0.903 

0.0072 

0.302 

0.399 

0.339 

1.060 

0.082 

0.291 

0.019 

17 

1.119 

-0.0867 

0.235 

0.393 

0.239 

0.011 

-0.107 

-0.305 

0.023 

OISPUCEMENT 

THICKNESS 

= 0.935 CM. 

MOMENTUM THICKNESS = 0.625 

CM. 

DELTA 99 » 

9.595 CM. 


MOMENTUM THICKNESS REYNOLDS NO. =69200. UTAU = 0.506 M/SEC UPW = 16.00 M/SEC 


OUTPUT NONOIMENSIONALlZtD ON HALL VELOCITY 


PT 

Y/OEL 

UV/UPWS 

USQ/UPWS 

VSQ/UPUS 

HSQ/UPMS 

QSQ/UPHS 

1 

0.039 

0.00100 

0.00358 

0.00157 

0.002'. . 

0 . 00756 

2 

0.098 

0.00103 

0.00393 

0.00160 

0.002j. 

0.00739 

3 

0.059 

0.00109 

0.00335 

0.00161 

0.00228 

0.00729 

9 

0.073 

0.00107 

0.00390 

0.00163 

0.00225 

0.00728 

5 

0.090 

0.00107 

0.00331 

0.00166 

0.00227 

0.00729 

6 

0.111 

0.00108 

0.00336 

0.00167 

0.00223 

0.00727 

7 

0.137 

0.00106 

0.00328 

0.00165 

0. 00223 

0.00716 

0 

0.169 

0.00107 

0.00322 

0.00160 

0.00222 

0.00709 

9 

0.208 

0.00101 

0.00303 

0.00151 

0. 00212 

0.00669 

10 

0.256 

0.00090 

0.00275 

0.C01 32 

0.00 1 90 

0.00598 

1 1 

0. 316 

0.00079 

0.00223 

0. C0 109 

0.00156 

0.00983 

12 

0.390 

0.00053 

0.00158 

0.00075 

0.00118 

0.00351 

13 

0.996 

0.00039 

0.00118 

0.00057 

0.00099 

23# 

O 

O 

o 

19 

0.599 

0.00027 

0.00080 

0.00091 

0.00071 

0.00191 

15 

0.732 

0.00021 

0.00065 

0.00037 

0.00056 

0.00158 

16 

0.903 

0.00009 

0.00038 

0.00039 

0.00033 

0.00106 

17 

1.119 

-0.00009 

0.00023 

0.00039 

0.00023 

0.00081 


?05 


FIRST eXPT.. REYNOLDS* STRESSES AT STN. 10, S = 112.4 CM 


OUTPUT NONDIMENSIONALIZEO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSQ 

USQ/UTSQ 

V50AITSQ 

WSO/UTSCJ 

1 

0.036 

1.1050 

4.016 

1 .640 

2.468 

2 

0.045 

1 . 1 060 

3.646 

1 .621 

2.403 

3 

0.056 

1.1070 

3.772 

1 .641 

2.336 

4 

0.069 

1.1267 

3.758 

1 .646 

2.365 

5 

0.084 

1 .1237 

3.735 

1 .675 

2.302 

6 

0.104 

1.1375 

3.707 

1 .714 

2.341 

7 

0.129 

1 .1661 

3.681 

1 .725 

2.334 

8 

0.159 

1 .1661 

3.664 

1.735 

2.334 

9 

0.196 

1.1464 

3.627 

1.711 

2.332 

to 

0.242 

1.1020 

3.469 

1 .632 

2.257 

11 

0.298 

1 .0173 

3.115 

1 .431 

2.099 

12 

0.368 

0.8615 

2.693 

1 .249 

1 .799 

13 

0.454 

0.6575 

2.025 

0.922 

1 .401 

14 

0.560 

0.4564 

1.325 

0.607 

1 .029 

15 

0.691 

0.3233 

0.9.’1 

0.451 

0.765 

16 

0.852 

0.1567 

0.60‘ 

0.449 

0.501 

17 

1 .051 

-0.1025 

0.350 

0.476 

0.342 


qsq/UTSQ 

A 

SHEAR CORR 

ANISOTROPY 

8-124 

0.136 

0.431 

0.037 

7.672 

0.141 

0.443 

0.039 

7.749 

0.143 

0.445 

0.041 

7.769 

0.145 

0.453 

0.042 

7.713 

0.146 

0.449 

0.042 

7.762 

0.147 

0.451 

0.043 

7.739 

0.151 

0.463 

0.045 

7.734 

0.151 

0.462 

0.045 

7.670 

0.150 

0.461 

0.045 

7.359 

0.150 

0.463 

0.045 

6.695 

0.152 

0.474 

0.046 

5.747 

0.150 

0.469 

0.045 

4.348 

0.151 

0.481 

0.046 

2.961 

0.154 

Q.509 

0.046 

2.166 

0.149 

0.494 

0.045 

1 .551 

0.101 

0.302 

0.020 

1 .168 

-0.088 

-0.251 

0.015 


'DISPLACEMENT THICKNESS = 1.006 CM. MOMENTUM THICKNESS = 0.671 CM. DELTA 99 = 4.872 CM. 


I MOMENTUM THICKNESS REYNOLDS NO. = 6932. UTAU = 0.507 M/SEC 


UPM - 16.10 M/SEC 


OUTPUT NONDIMENSIONALIZEO ON WALL VELOCITY 


PT 

Y/DEL 

UV/UFWS 

USClAJPWS 

VSQ/UPWS 

1 

0.036 

0.00109 

0.00198 

0.00162 

2 

0.045 

0.00 no 

0.00581 

0.00161 

3 

0.056 

0.00110 

0.00379 

0.00163 

4 

0.069 

0.00112 

0.00572 

C. 00163 

5 

0.034 

0.0011 1 

0.00370 

0.00166 

f 6 

0.104 

0.00113 

0.00367 

0.00170 

7 

0. 12-: 

0.00115 

0.00365 

0. 00171 

8 

0.159 

0.00115 

0.00363 

0.00172 

9 

0.196 

0.00114 

0.00359 

0.00169 

>0 

0.242 

0.00109 

0 . 00394 

0.00162 

11 

0.298 

0.00101 

0.00308 

0.00147 


0.366 

0.00085 

0.00267 

0.00129 

' 13 

0.454 

0 00065 

0.00201 

0.00091 

14 

0.560 

0 .00 045 

0.00131 

0.00060 

15 

0.691 

0.00032 

0.00C94 

0.00095 

16 

0.852 

0.00016 

0.00060 

0.00099 

17 

1 .051 

-o.aooio 

0.00035 

0.00097 

i STATEMENTS EXECUTED: 

5326 


CORE 

USAGE 

OBJECT 

CODE: 5992 

BYTES. ARR 


WSQ/UPKS 

qSQ/UPWS 

0.00299 

0.00305 

0.00233 

0.00730 

0.09231 

0.00768 

0.00259 

0.00769 

0.00223 

0.00769 

0.00252 

'1.00769 

0.00231 

0.00767 

0.00231 

0.00766 

0.00231 

0.00760 

0.00229 

0,00729 

0.00203 

0.00665 

0.001 78 

0.00569 

0.001 39 

0.00931 

0.00102 

0.00293 

0.00076 

0.00215 

0.00050 

0.00159 

0.00039 

0.00116 


AREA= 2032 BYTES, TOTAL AREA AVAILABLE: 147456 BYTES 


DIAGNOSTICS 
COMPILE TIME: 


NUMBER OF ERRORS: 0, NUMBER OF WARNINGS: 

0.05 SEC, EXECUTION TIME: 0.29 SEC, 14.57.52 


I , NUMBER OF EXTENSIONS: 0 

FRIDAY 30 MAY 80 MATFIV 


1 


5 


1 


206 


'IRST 

EXPT.. STN 

. 1 . S 

» - 71.75 

CM. 

PT 

'(/nil 

U/-UPH 

UCALC 

VEL6PA0 

1 

0.000 

0.000 

0.070 

20.106 

< 

0.017 

0.435 

0.381 

14.745 

3 

0.020 

0.455 

0.423 

12.814 

<* 

0.024 

0.495 

0.469 

10.259 

5 

0.030 

0.524 

0.520 

6.941 

6 

0.037 

0.547 

0.558 

4.162 

7 

0.043 

0.566 

0.578 

2.650 

d 

0.052 

0.584 

0.596 

1.414 

9 

0.061 

0 . 599 

0.606 

0.959 

10 

0 069 

0.608 

0.613 

0.883 

11 

0.061 

0.623 

0.624 

0.921 

12 

0.102 

0.644 

0.644 

0.936 

13 

0.129 

0.668 

0.667 

0.808 

14 

0.165 

0.693 

0.693 

0.654 

IS 

0.212 

0.722 

0.722 

0.569 

1 t 

0.271 

0,753 

0.753 

0.494 

17 

0. 347 

0.789 

0.789 

0.460 

16 

0.445 

0.832 

0.032 

0.403 

19 

0.571 

0.878 

0.878 

0.352 

20 

0.696 

0.921 

0.921 

0.318 

21 

0.826 

0.957 

0.957 

0.>42 

^ •* 

0.040 

0.931 

0.981 

0.175 

23 

1 .008 

0.991 

0 . 99 t 

0.113 

24 

1 .207 

0.9 >9 

0.999 

0.006 

25 

1.329 

1 , 00 C 

1.000 

0.000 


PT 

Y/OEt 

t-CAL-UP 

VElGRAD 

MIX LN DEL 

PROD 

l/LO 

RIC 

BETA 

ED. RE 

1 

0.067 

0.61 1 

0.835 

0 . 0448 

25.73 

1.701 

0.0000 

0.0 

111 24 

2 

0.073 

0.617 

0.895 

0 . 0446 

24.16 

1.538 

0.0000 

0.0 

111.21 

3 

0.081 

0.624 

0.921 

0.0437 

25 . 4 * 

1.345 

0.0000 

0.0 

110.16 

4 

0.103 

0.645 

0,933 

0.0452 

25.82 

1 .030 

0.0000 

c.o 

106.92 

5 

0.165 

0.693 

0.654 

0.0610 

17.75 

0.902 

0.0000 

0.0 

152.31 

6 

0.2 70 

0.753 

0.495 

0.0780 

12.61 

0.916 

O.OOPO 

0.0 

188.73 

t 

0.445 

0.831 

0.405 

0.0875 

8.68 

1 .029 

0.0000 

.3.0 

194.13 

8 

0 . 568 

0.877 

0.351 

0.0917 

6.21 

1 .079 

0.0000 

il.o 

184.90 

9 

0.692 

0.920 

0.320 

0.0867 

4.21 

1 . 0:0 

0.0000 

J.O 

150.72 

10 

0.822 

0.956 

0.24 3 

0.0858 

1 .81 

1.009 

0.0000 

3,0 

112.16 

1 1 

0.935 

0.980 

0.1 79 

0.0804 

0.63 

0.945 

0.0000 

C.O 

72.17 


?07 


riMT tXPT., STN. J, s S -*».e7 CH. 


PT 

t/OEL 

U.MFW 

UC*IC 

VE16PAD 

1 

0.000 

0.009 

0.064 

75.s:3 

m 

0.014 

0.445 

0.585 

18-042 

3 

0.01? 

0.493 

8.439 

14.734 

4 

e.e:i 

0.505 

0.494 

10, $55 

5 

0 . 0 C 6 

0.516 

0.531 

6,540 

* 

0.031 

0.547 

0.SS7 

4.011 

7 

0.057 

0.564 

0.575 

:.ri4 

9 

0.044 

0.577 

0.197 

t .31$ 

4 

0.052 

0.591 

0.596 

1 .092 

10 

0.0S9 

0.602 

0,604 

1 . IC1 

H 

0.069 

0.616 

0.615 

1 . 160 

1 ! 

0.097 

0 656 

0,636 

1.064 

n 

0 . 1*0 

0.659 

0.659 

0.903 

1 -^ 

0. I4l 

0.695 

0.663 

0.694 

15 

0.191 

0 , 704 

0. 705 

0.575 

16 

o.rsi 

0 , 7j7 

0.7J7 

0.601 

17 

0 . :«6 

0 . 769 

0 . 769 

0 . 446 

19 

0.3T9 

0.90 7 

0.907 

0.444 

19 

C.S91 

0.900 

0.990 

0. 35 

:o 

0 . /04 

0.974 

o.9;« 

0.326 

;i 

o.9c; 

0.957 

0.447 

0.25S 

--I-* 

0,964 

0 . 970 

0.9-0 

0.204 

Zi 

1 .i'JO 

0.994 

0 . 944 

0.091 

:-i 

1.153 

0 , 004 

0.444 

0.01 ; 

;s 

1 ,7>t4 

c 440 

(1.404 

'O.COI 

76 

1.555 

1 .000 

1 .000 

c.ooo 


PT 

Y.'orL 


vriGRiO 

MX IN OtU 

1 

0,061 

0.606 

1.139 

0.0335 

t 

0.074 

0 .627 

1.125 

0.0337 

3 

0.049 

0 . 64 ? 

0.493 

0.0594 

4 

0.120 

0 . 66 7 

0.954 

0 0559 

5 

O.I.S 

0,69 7 

0.591 

0 . 0661 

6 

0.193 

0.706 

0.599 

0.0645 

7 

0.226 

0. 734 

0.629 

O.i'MO 

8 

0 274 

0. 7M 

0 . 44 O 

0 . 09'-6 

f 

0 . 3 ., 4 

0.741 

0.477 

0.0 764 

10 

0 . 4.'-| 

O.O." 

0.419 

0 ,09 34 

11 

0,5.'$ 

0.965 

0 . 364 

0 . 09 . 95 

1 : 

0 644 

0.409 

0 'w5 

0 , 0 74{i 

1 3 

0 , .796 

0 . 455 

0.2m 

0.0743 

14 

0. 9.91 

0 . 4;-;4 

0. 1 l4 

0.09.4 

15 

1 . 1 0 

0 , 494 

- 0 . 006 

0.0000 


PROO 

l/LO 

BTC 

BETA 

CO. BE 

28, 78 

1.394 

0.0000 

0.0 

41.71 

28 1 1 

1 .055 

0.0000 

0.0 

41.70 

24 . 44 

0.472 

e.oooo 

0.0 

106.46 

21 .20 

0.433 

0.0000 

0.0 

125. 63 

14,43 

1 .040 

0.0000 

0.0 

182.24 

(4. 77 

0.860 

0.0000 

0 0 

1 75.82 

16.00 

0. 718 

0.0008 

0.0 

167.61 

10.96 

1 .007 

0.0000 

0.0 

231 .18 

11.13 

0.405 

0.0000 

0.0 

202.16 

8«I 

0.491 

o.ooco 

0.0 

COS. 94 

6 . 56 

1 ,04l 

0.0000 

0.0 

209.37 

4.53 

0,9J7 

0.0000 

0.0 

156.41 

1 .45 

0.935 

0.0000 

0.0 

117,85 

0,1 7 

0, 9 70 

e.oooo 

0.0 

55.44 

0.00 

0.000 

0.0000 

0.0 

0.00 


’OK 



FIRST 

EXPT ., STM 

. 3 . S 

0 

1 

H 

CM. 

i 

1 

PT 

Y/OEL 

U/UPW 

UCALC 

VEL 6 RA 0 

i 

i 

i 

1 

0.000 

0.000 

0.076 

24.619 


2 

O.OCS 

0.171 

0.149 

24.241 

f 

3 

0.007 

0.229 

0.243 

22.755 

i i 

/ 

1 

4 

0.011 

0.367 

0.330 

20.187 

5 

0.015 

0.434 

0.404 

16.740 


6 

0.018 

0.481 

0.450 

13.946 

) 

7 

0.023 

0.513 

0.509 

9.713 

i 

8 

0.027 

0.540 

0.542 

6.980 


9 

0.032 

0.565 

0.570 

4.420 

» 

10 

0.039 

0.582 

0.592 

2.264 


11 

0.045 

0.594 

0.603 

1 .449 


12 

0.052 

0.605 

0.612 

1.174 

j 

13 

0.061 

0.620 

0.623 

1 .241 

\ 

14 

0.077 

0.643 

0.645 

1.462 


15 

0.097 

0.676 

0.673 

1.192 


16 

0.123 

0.694 

0.696 

0.762 


17 

0.158 

0.722 

0,721 

0.595 


18 

0.201 

0.741 

0.742 

0.520 

‘ 

14 

0.257 

0.777 

0.777 

0.569 


CO 

0.350 

0.807 

0.307 

0.396 


21 

0.424 

0.843 

0.643 

0.212 



0.517 

0.657 

0.657 

0.356 


C 3 

0.614 

0.914 

0.914 

0.559 


24 

0.693 

0.952 

0.952 

0.494 


C 5 

0.748 

0.977 

0.977 

0.371 


C 6 

0.697 

0.979 

0.979 

- 0.026 


'*7 
w • 

0.937 

0.963 

0 . 963 

0.165 


23 

1 .084 

1 .004 

1 . OOh 

0.070 


29 

1 .181 

1.000 

1.000 

0.000 


j 

PT 

T/DEL 

UCAL/UP 

VELGRAO 

MIX LN/DEL 

PROD 

L/LO 

RIC 

BETA 

EO.RE 

j 


1 

0.050 

0.610 

1 .202 

0.0324 

32.04 

1 .652 

0.0000 

0.0 

105.58 

1 



0.055 

0.616 

1.175 

0.0328 

30.55 

1 .499 

0.0000 

0.0 

105.34 

i 

' 

3 

0 . C 69 

0.633 

1.370 

0.0278 

34.37 

0.995 

o.ocoo 

0.0 

88.40 

3 


4 

0.035 

0.656 

1.465 

0.0258 

36.74 

0.745 

0.0000 

0.0 

81 .63 

] 

* 

5 

0.105 

0.681 

0.951 

0.0392 

23.20 

0.912 

0.0003 

0.0 

122.16 

1 


6 

0.129 

0.700 

0.773 

0.0438 

19.26 

0.922 

0.0000 

0.0 

153.47 

1 

3 

* 

7 

0.159 

0.722 

0.582 

0.0629 

13.70 

0.964 

o.oooo 

0.0 

192.21 

] 


8 


0.74 0 

0.463 

0.0754 

11.58 

0.934 

0.0000 

0.0 

231.75 

i 

0 

9 

0.243 

0 . 763 

0.645 

0.0560 

14.76 

0.659 

0.0000 

0.0 

169.06 


to 

0.299 

0.796 

0.377 

0 . 09‘»4 

8.39 

1.111 

0.0000 

0.0 

280.85 

i 


1 1 

0.369 

0.824 

0.427 

0.0818 

9.17 

0.962 

0.0000 

0.0 

238.78 



12 

0.455 

0.847 

0.090 

0 . 3 S 10 

1 .66 

4.247 

0.0000 

0.0 

978.66 

i 


13 

0.561 

0.880 

0.633 

0.0459 

9 . J 9 

0.540 

0.0000 

0.0 

111.44 


» 

14 

0.693 

0.950 

0.476 

0 . 0‘*99 

4.69 

0.537 

0.0000 

0.0 

98.78 

i 


IS 

0.855 

0. 982 

- 0.104 

- 0.1471 

- 0.43 


0.0000 

0.0 

- 188.05 

1 


16 

1.054 

1 . 000 

0.152 

0.0260 

0.04 

0.306 

0.0000 

0.0 

8.60 

i 


! I 
1 

I 


209 


FIRST EXPT.. STN. 4, S = 16. SO CM. 


PT 

Y/OEL 

UA>PH 

UCAIC 

VELGRAO 

1 

0.000 

0.000 

0.073 

22.222 

2 

0.013 

0.375 

0.339 

16.921 

3 

0.015 

0.414 

0.371 

15.226 

4 

0.019 

0.442 

0.413 

12.616 

5 

0.023 

0.470 

0.466 

9.696 

6 

0.029 

0.496 

0.501 

5.694 

7 

0.033 

0.512 

0.524 

3.653 

S 

0.039 

0.527 

0.541 

2.271 

9 

0.046 

0.545 

0.554 

1.571 

10 

0.053 

0.559 

0.565 

1.382 

11 

0.062 

0.574 

0.577 

1 .402 

12 

0.078 

0.601 

0.600 

1 .421 

13 

o.o«a 

0.627 

0.627 

1 .266 

14 

0.125 

0.650 

0.658 

1 .045 

15 

0.160 

0.600 

0.690 

0.7S9 

16 

0.205 

0.720 

0.720 

0.582 

17 

0.262 

0.750 

0.750 

0.485 

13 

0.337 

0 . 7iW 

0. 7St 

0.419 

19 

0.432 

0.821 

0.82! 

0.374 

20 

0.526 

0.856 

0.856 

0.372 

21 

0.625 

O.Soi 

0,891 

0. 316 

> ^ 
4 . ^ 

0. 712 

0.91 7 

0.917 

0.319 

23 

0.76’ 

O.o3<* 

0.9?., 

0.322 

24 

0,914 

0 . 973 

0.9/5 

o.n** 

25 

1 .006 

0 991 

0. 091 

0.175 

26 

1.105 

1 .003 

1 .003 

0.033 

C / 

1 ..’0 3 

1 .002 

1 .002 

0.009 

29 

1 .315 

1.010 

1.010 

0.000 


PT 

Y 'DEL 

UCAL UP 

VELGPAD 

MIX IN/DEL 

P90D 

L/IO 

RIC 

BETA 

EO.RE 


0.034 

0.528 

3. 360 

0. 0088 

68.16 

0.739 

0.0000 

0.0 

19.29 

2 

0. C t6 

0.554 

1 .D.’t 

0.0189 

30.39 

1.052 

o.ocoo 

0.0 

39. 39 

3 

0.057 

0.570 

1 . 375 

C.02C6 

25.62 

o.9te 

0.0000 

0.0 

93.29 


0.0 70 

0.5?9 

1 .‘•94 

0,0183 

29.72 

0.668 

0.0000 

0.0 

37.87 

5 

0.087 

0.612 

1 . 356 

0.0189 

23.66 

0.535 

0.0000 

0.0 

3S.90 

6 

0.107 

0.6 33 

1.190 

0 . 0 1 9h 

19.73 

0.443 

0.0000 

0.0 

33.26 

7 

0. 1 31 

0 , 66*4 

0.997 

0 . 0209 

9.53 

0.379 

0.0000 

0.0 

30.6 + 

5 

0.162 

0.691 

0. 7/6 

0.0215 

5.02 

0.524 

0.0000 

0.0 

26.68 

9 

0.201 

0.713 

0 . 593 

0.0237 

2 . * 2 

0 . 233 

0.0000 

0.0 

29.76 

10 

0.247 

0.7'»3 

0.502 

0 0215 

1 .36 

0.253 

0.0000 

0.0 

17. 27 

1 1 

0. 305 

0.7 70 

0 . 998 

0.0182 

0.69 

0.219 

0.0000 

0.0 

10.Q9 

1 2 

0.3/6 

0.800 

0 . 391 

0.01 to 

0.17 

0.129 

0.0000 

0.0 

3.50 

1 5 

0.464 

0.833 

0 . 373 

0.0115 

-0.16 

0.136 

0.0000 

0.0 

3.67 


0.5 72 

0.673 

0. 36 0 

0.0-97 

-0.92 

0.232 

0.0000 

0.0 

10.39 

1 5 

0 . 706 

0.915 

0. 312 

0.030 3 

-0.65 

0. 357 

0.0000 

0.0 

21 . 30 

16 

0,371 

0.96 3 

0.233 

0 . 0‘> 1 7 

-0.51 

0.990 

0.0000 

0.0 

30 . 08 

t 7 

1 ,07h 

1 .001 

0.C99 

0.0785 

-0.14 

0.92 3 

0.0000 

0.0 

95.17 
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r 


1 




FIRST 

EXPT., STN. 

5, S * 

33.65 

CM. 

PT 

V/OEL 

U/UPH 

UCALC 

VEL6RAD 

1 

0.000 

0.000 

0.079 

20.995 

2 

0.011 

0.336 

0.290 

16.787 

S 

0.019 

0.372 

0.337 

19.372 


0.017 

C.902 

0.376 

11.862 

5 

0.021 

0.926 

0.917 

8.793 

6 

0.025 

0.996 

0.997 

6.278 

7 

0.030 

0.965 

0.972 

3.993 

a 

0.036 

0.976 

0.991 

2.367 

9 

0.092 

0.992 

0.503 

1 .629 

to 

0.09S 

0.505 

0.511 

1.390 

11 

0.057 

0.520 

0.529 

1.381 

12 

0.072 

0.595 

0.595 

1.970 

13 

0.090 

0.572 

0.571 

1.376 

19 

0.115 

0.603 

0.602 

1 .132 

15 

0. 198 

0.636 

0.637 

0.969 

16 

O.lfS 

0.672 

0.672 

0.770 

17 

0.291 

0.705 

0.705 

0,599 

IS 

0.309 

0.790 

0.790 

0.993 

19 

0.396 

0.772 

0.772 

0.396 

20 

0.983 

0.802 

0.802 

0.517 

21 

0.579 

0.828 

0.828 

0.297 


0.653 

0 . 896 

0.896 

0.259 

23 

0.700 

0.859 

0.859 

0.256 

29 

0.839 

0.887 

0.887 

0. 1 79 

25 

0.9C4 

0.900 

0.900 

0.115 

26 

1.019 

0.90& 

0.906 

0.019 

27 

1 . lO t 

0.905 

0.905 

-0.093 

29 

1 .JO" 

0 . S99 

0.899 

■0.068 

29 

1 .500 

0.877 

0.877 

0.000 


PT 

Y/DEt 

I'CAL.X'P 

VflCRAD 

MIX IN. PEL 

PROO 

I/IO 

RIC 

BETA 

EO.RE 

1 

0. 031 

0.^76 

3,696 

0.0088 

• H««« 

0.826 

0.0293 

7.2 

21.32 

2 

O.OmI 

0.501 

1 .705 

0.0185 

96.01 

1.215 

0.0591 

-9.0 

99.58 

3 

O.OS'4 

0.520 

1 . 360 

0.0228 

35.00 

1 .076 

0.0700 

-1 . 1 

55.75 


0.06*® 

0.591 

1 .969 

0.0209 

34.99 

0.739 

0.0677 

3.9 

96.29 

5 

0.037 

0.56 7 

1 .907 

0.0205 

31.22 

0.577 

0.0737 

5.7 

99.87 

6 

0 - n 0 

0 . 59 ; 

I . 179 

0.0229 

22.56 

0.510 

0.0929 

5.3 

97.06 


0.133 

0.6:7 

0 . 

0.0249 

15.99 

0.94 1 

0.1159 

9.9 

97.06 

d 

0.175 

0 ,660 

0.867 

0.0256 

11.01 

0. 360 

0.1369 

9.7 

93.19 

<i 

0. ri6 

0.691 

0.609 

0.0329 

5.87 

0.581 

0 . 1 996 

3.1 

98.53 

to 


0. 7:0 

0.518 

0. 0326 

3.56 

0.385 

0.2915 

2.6 

91 .85 

1 1 

0.359 

0. 7.50 

0.395 

0.0571 

1 .99 

0.937 

0.3211 

1 .8 

91 .93 


0.H15 

0.770 

0.345 

0.0341 

1 .05 

0.901 

0.3792 

1 .6 

30.50 

1 3 

0.519 

0.81 1 

0.295 

0,0281 

0,4C 

0.351 

0 . 

1.5 

17.75 

Tv 

0.657 


0. Tvl 

0.0162 

0.07 

0.191 

0.5962 

1 .5 

9.82 

t5 

0 . 73 ® 

0.873 

0.191 

0,0353 

-0. 19 

0.916 

0.6816 

0.9 

18.20 

1 b 

0. q:*; 

0.905 

0.056 

0. 1216 

0.09 

1 .951 

1 .5909 

-0.3 

6!> . !>!> 

t 7 

1 . C06 

0.899 

-0.068 

-0.0577 

0.06 



0.0 

-1 7. tS 

18 

1.990 

0.878 

-0.077 

-0.0272 

0.02 

• «««!• 


0.0 

-4 . 55 


?11 


FIRST 

EXPT., 5TN 

. 6. S 

= 50.80 

CM. 

PT 

Y/OEL 

U, UPH 

UCALC 

VELGRAD 

t 

0.000 

0.000 

0.077 

18.486 

2 

0.011 

0.300 

0.C68 

15.083 

3 

0.013 

0.336 

0.C97 

13.779 

4 

0.016 

0.354 

0.535 

1 1 .699 

5 

O.CCO 

0.393 

0.377 

9.022 

6 

0.0C4 

0.4IC 

0.408 

6.698 

7 

0.0C9 

0.h3I 

0.455 

4.46C 

a 

0.0J5 

0.443 

0.457 

C.743 

q 

0.041 

0.459 

0.970 

1 .848 

)0 

0.0><6 

0.470 

0.478 

1 .502 

1 \ 

0.C54 

0.485 

0.959 

1 .C80 

12 

0.069 

0.505 

0.508 

1 .CSC 

15 

0.007 

0.531 

0.531 

1 .3CC 

14 

0.111 

0.5^5 

0.5t.C 

1 .CSq 

15 

0. 14C 

0.509 

0.599 

1.106 

16 

0.101 

0.639 

0.639 

0.903 

17 

0.CS1 

0.678 

0.6 78 

0.707 

18 

o.:o7 

0.7C0 

0. 7C0 

0.553 

19 

0.300 

0.753 

0. 75.3 

0.368 

CO 

0 . 46-» 

0 . 755 

0.735 

0.3CC 

Cl 

0.550 

0 . 8 i J 

0.813 

0.390 

-S ^ 
h k> 

0 .^C7 

0 . 8 3-4 

0.8 3>* 

0.C53 

C3 

0.S05 

0 . 876 

0 8^6 

0 . 1 7 

C** 

0.0C4 

0 . 89C 

0.89C 

0.159 

r!> 

o.q-'3 

0.901 

0.001 

0,059 

C6 

1 .0^P 

0.90 3 

0,903 

-0.0C5 

V 7 

1.150 

C.398 

0 ■ 89^1 

-0.067 


1 . 303 

0,887 

0.887 

O.COO 


PT 

Y.-PEL 

L1TAL.XIF' 

VELCPAP 

MIN IN DEL 

PRCO 

L/LO 

RIC 

BETA 

ED. RE 

1 

0.03O 

0 . 

C. 061 

O.OIC4 


0.880 

0.0396 

4,0 

33.35 

c 

O.OhI 

0.470 

1 .848 

0.0163 

60.67 

1 .079 

0.0439 

-1 .6 

35.45 

5 

0.050 

o.<*rw 

1 . 359 

0.03'.’ 

hC . 7S 

1 .133 

0 . 0681 

-1 .9 

46 . 76 

■k 

0.06C 

0 . 40-5 

1 .C'O 

0.0335 

3o . 

0.956 

0.0774 

0.6 

49.43 

5 

0.076 

0.517 

1 . 

0.0318 

36.96 

0.710 

0.0761 

3.8 

44.69 

6 

0.09o 

0.541 

1.317 

0.0306 

34.77 

0.537 

0.0783 

5.9 

40.63 

7 

0.116 

0.569 

t . 

0.0314 

30.08 

0.450 

0.0831 

6.C 

40.83 

8 

0. 1o3 

0.600 

1.103 

0. 031.5 

31.86 

0. 367 

0.1030 

6.C 

37.03 

Q 

0.177 

0.635 


0.0333 

15.41 

0.331 

0.1377 

5.3 

36.93 

10 

O.Ctd 

0 . 6 ^ 

0.757 

0.035 ’ 

8.9d 

0.303 

0. 1685 

4.1 

35.38 

1 1 

0.C69 

0.703 

0.651 

0.0354 

5.40 

0.399 

0.3043 

5.4 

.'9.50 

1C 

0. 331 

0.738 

0 . 

0. 0 503 

C . 97 

0.355 

0.3816 

3.5 

31 .07 

13 

0.h09 

0. '-8 

0. 5'0 

0 . 0 5 ; 7 

1 .48 

0 

0.4007 

1 .4 

34.35 

14 

0.50o 

0.74'» 

0. 353 

0.0341 

1 .30 

0.403 

0.4148 

1 .4 

38.03 

15 

0.6.'C 

0.835 

0.353 

0 . 04.'6 

0 . 74 

0.501 

0.543h 

0.9 

33.30 

16 

0. 76 7 

0.86' 

0.337 

0 , 03 '3 

0. 31 

0.397 

0.6136 

1.0 

18.86 

1 7 

0 . 9..6 

0.89O 

0 . 091 

0 , 0368 

-0.00 

0.315 

1.3393 

0.6 

4. 7h 

18 

1.167 

o.£k 4 ; 

0 

0 

-0 . 0660 

0.13 



0.0 

-31 .51 


FIBST EXPT., STN. 7, S » 64. IS CM. 


PT 

Y/OEL 

VA1P» 

UCALC 

VEL642AD 

4 

0.000 

0.000 

0.077 

48.728 

2 

0.044 

0.303 

0.270 

15.434 

3 

0.013 

0.338 

0.299 

4 3.759 

4 

0.046 

0.366 

0.337 

44.578 

5 

0.020 

0.7.91 

0.377 

8.604 

6 

0.024 

0.44 4 

0.408 

6.427 

7 

0 . 0.28 

0.425 

0.429 

4.556 

6 

0.034 

0.439 

0.450 

2.674 

9 

0.040 

0.4S2 

0.463 

4 .685 

10 

0.045 

0.463 

0.474 

4.344 

1 4 

0.053 

0.473 

0.480 

4.434 

12 

0.067 

0.495 

0.496 

4 .209 

43 

0.085 

0.520 

0.549 

4.306 

14 

0.106 

0.549 

0.549 

4.250 

IS 

0.4 58 

0.SS4 

0.584 

4.063 

46 

0.177 

0.621 

0.624 

0.940 

17 

0.226 

0.664 

0.664 

0.804 

46 

0.290 

0.706 

0.708 

0.597 

19 

0.374 

0.749 

0.749 

0.434 

20 

0.453 

0.761 

0.784 

0.342 

24 

0.537 

0.807 

0.607 

0.284 

22 

0.612 

0.827 

0.827 

0.284 

23 

0.656 

0.840 

0.8>«0 

0,278 

24 

0.7S6 

0.872 

0.872 

0.242 

25 

0 . 865 

0.886 

0.8C6 

0.158 

26 

0.050 

0.697 

0.897 

0.094 

2 7 

1.034 

0.902 

0.902 

0.044 

26 

1.430 

0.899 

0.899 

0.000 


PT 

r/DEL 

UCAL/UP 

VELGRAD 

MIX 141/OEL 

PROD 

L/LO 

RIC 

BETA 

1 

0.029 

0.434 

4.168 

0.0070 


0.727 

0.0207 

43.2 

•* 

0.040 

0.463 

4 .665 

0.0472 

48.87 

4.469 

0.0540 

-3.4 

3 

0.049 

0.475 

4.175 

0.0243 

32.35 

1 .285 

0.0790 

-3.6 


O.Oi^O 

0.488 

4 .153 

0.0246 

34 .29 

4 .052 

0.0826 

-0.4 

5 

0.U75 

0.506 

4 .274 

0.0243 

33.30 

0.749 

0.0776 

3.6 

6 

0.092 

0.528 

4 .303 

0.0207 

32.4 0 

0.552 

0.0792 

5.7 

7 

0.143 

0.555 

1 . CC2 

0.0244 

27.29 

0.455 

0.0884 

6.2 

8 

0. 1'^O 

0.586 

4 .049 

0.0230 

20.35 

0.404 

0.4084 

5.5 

9 

0.172 

O.ol 7 

0.916 

0.0242 

14.79 

0.343 

0.4296 

5.4 

10 

0.213 

0.653 

0.647 

0,0229 

4 0.35 

0.269 

0.4476 

4.9 

4 1 

0.262 

0.691 

0.681 

0.0238 

5.68 

0.280 

0.4915 

3.8 

12 

0.323 

0.727 

0.544 

0.0257 

2.72 

0.302 

0.2613 

2.7 

1 3 

0.399 

O.Tol 

0.396 

0.0265 

4 .25 

0.542 

0.5459 

2.0 

14 

0.492 

0.793 

0.311 

0.0293 

0.68 

0.344 

0.4455 

4 .5 

15 

0.607 

0.626 

0.279 

0.0301 

0.99 

0.354 

0.5063 

4.3 

16 

0.7..9 

0.863 

0.229 

0.0557 

0.30 

0.397 

0.6244 

4.0 

47 

0.924 

0.894 

0.114 

0.0530 

0.03 

0.623 

4.4077 

0.3 

48 

1 .140 

0.899 

-0.004 

-3.2332 

0.04 


3.5801 

10.9 

19 

1 .406 

0.897 

-0.009 

-0.3076 

0.03 


4.2884 

4.4 


EO.RE 

45.55 
S6.04 
52.52 
52.es 
45.95 
42.39 
41 . 44 
42.09 
40.66 
33.65 
29.30 
25.76 
24.47 
20.49 
49.20 
49.72 

23.56 
-472.97 

-63.66 
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FIRST EXPT., STN. 8, S = 81. 9J CM. 


PT 

T/OEL 

U/UPW 

UCALC 

VELGRAO 

1 

0.000 

0.000 

0.079 

19.910 

E 

0.012 

0.337 

0.295 

15.326 

3 

0.019 

0.360 

0.329 

13.792 

9 

0.017 

0.390 

0.361 

11.296 

5 

0.021 

0.919 

0.900 

8.272 

6 

0.026 

0.930 

0.939 

5.261 

7 

0.030 

0.993 

3.951 

3.536 

8 

0.037 

0.956 

0.969 

1.730 

9 

0.093 

0.9f,5 

0.977 

1.119 

10 

0.099 

0.976 

0.983 

0.969 

11 

0.057 

0.9SS 

0.991 

1 .021 

12 

0.072 

0.508 

0.506 

1.152 

13 

0.091 

0.531 

0.530 

1.195 

19 

0.117 

0.558 

0.558 

1 .098 

15 

0. 199 

0 . 59i* 

0 . :>94 

1 .085 

16 

0.191 

0.e37 

0.637 

0.998 

17 

0.299 

0.683 

0.683 

0.819 

18 

0.312 

0.735 

0.735 

0.687 

19 

0.900 

0 . 789 

0 . 

0.938 

20 

0.988 

0.815 

0.815 

0.303 

21 

0.579 

0.890 

0.840 

0.2 32 

22 

O.teO 

0.85 7 

0.857 

o 

o 

o 

23 

0.707 

0.866 

C . 8t>6 

0.205 

29 

0.09 7 

0.892 

0.892 

0.199 

25 

0 . 932 

0.902 

0 . 902 

0.088 

26 

1 .029 

0.907 

0.907 

0.017 

27 

1.115 

0.905 

0.905 

-0.0-*6 

28 

1.219 

0 . 099 

0.899 

“0 . 076 

29 

1 .550 

0.87<* 

0.679 

0.000 


PT 

Y/DEL 

UCAL.'UP 

VELGRAO 

MIX LN/DEL 

PROD 

l/LO 

RIC 

BETA 

1 

0.093 

0 . 77 

1.119 

0.0200 

36.09 

1 .820 

0.0779 

-10.6 

z 

0.052 

0 . ^»C6 

0.976 

0.0331 

31 .91 

1 .650 

0.0897 

-7.2 

3 

O.OoS 

0.5 JO 

1.107 

0.0296 

36.31 

1.199 

0.0815 

-» .8 

<* 

0.0.80 

0,517 

1.171 

0.P281 

39.33 

0.869 

0.0797 

1 .6 

5 

0.0*39 

0.539 

1,112 

0.0295 

36.83 

0. 730 

0.0879 

3. 1 

6 

0.122 

0.569 

1.105 

o 

o 

35.18 

0.583 

0.0919 

9.5 

1 

0.151 

0.5=6 

1 .080 

0.0291 

32.61 

0.h70 

0.0991 

5.3 

8 

0 . 1 86 

0.632 

0 . 9t.s 

0.0309 

2b. 27 

0.^.0^ 

0.1167 

5.1 

9 

0.229 

0 

1 

o 

0.633 

0.0328 

18.91 

0.386 

0.1918 

9.3 

10 

0.283 

0 . 7 W 

0.761 

0.0317 

13.06 

0.373 

0.1699 

3.8 

1 1 

0. 399 

0.758 

0.577 

0 . 0 > J Q 

6.91 

0.919 

0.2269 

2.6 

12 

0. .30 

0.7 95 

0. 3'1 

0.0937 

2.53 

0.619 

0.55-2 

1 .9 

13 

0.530 

C.82 7 

0.277 

O.CsS'. 

1 .16 

0.570 

0.9738 

0.9 

19 

0.659 

0.855 

0.199 

0 . 05=6 

0.59 

0. 701 

0 . 69 1 9 

0.5 

15 

0.807 

0.886 

0.173 

0 . 0622 

0.5^ 

0. 732 

0.7391 

0.9 

16 

0.9«o 

0 , 906 

0.039 

0. 1 376 

-0.09 

1.619 

1 .8699 

-0.3 

17 

1 .208 

0 , £199 

-0.076 

-0.1139 

0.38 



0.0 

18 

1 . 372 

P.8S7 

-0.073 

■0.1512 

0.60 



0.0 

19 

1 . '.16 

0.877 

-0.071 

-0. 1961 

0.96 



0.0 


ED. RE 
67.62 
77.19 
69.96 
66 . 
69,70 
67.59 
65.81 
66.69 
69. OS 
55.07 
52.68 
51.10 
96.79 
50.77 
98.35 
53.00 
-70.26 
-119.95 
-197.91 


?14 


FIRST 

EXPT., STN 

. 9, S 

II 

CI1. 

PT 

Y/OEl 

U/UPU 

UCALC 

VEL6RA0 

1 

0.000 

0.000 

0.077 

20.270 

2 

0.011 

0.322 

0.285 

16.299 

3 

0.013 

0.399 

0.316 

19.718 


0.016 

0.385 

0.357 

12.287 

5 

0.019 

0.910 

0.390 

9.908 

6 

0.023 

0.929 

0.929 

7.129 

7 

0.028 

0.999 

0.953 

9.991 

S 

0.033 

0.961 

0.970 

2.759 

9 

0.039 

0.971 

0.983 

1.569 

10 

0.099 

0.980 

0.990 

1.156 

11 

0.051 

0.992 

0.997 

0.932 

12 

0.065 

0.507 

0.509 

0.915 

13 

0.082 

0.526 

0.526 

1.020 

19 

0.105 

0.550 

0.599 

0.985 

15 

0.135 

0.577 

0.577 

0.910 

16 

0.173 

0.612 

0.612 

0.698 

17 

0.221 

0.659 

0.659 

0.876 

18 

0.283 

0.707 

0.707 

0.769 

19 

0.363 

0.763 

0.763 

0.657 

20 

0.993 

0.813 

0.813 

0.562 

21 

0.526 

0.853 

0.853 

0.918 

22 

0.599 

0.881 

0.861 

0.358 

23 

0.692 

0.396 

0.896 

0.392 

29 

0.769 

0.93V 

0.937 

0.301 

25 

0 . 896 

0.959 

0.959 

0.269 

26 

0.929 

0.979 

0.979 

0.202 

27 

1 .012 

0.992 

0.992 

0.115 

28 

1.106 

0.999 

0.999 

0.038 

29 

1 .299 

1 .000 

1.000 

0.000 


PT 

Y/DEL 

UCAL/UP 

VELGRAD 

HIX LN/OEL 

PROD 

L/LO 

RIC 

BETA 

ED. RE 

1 

0.039 

0.933 

1 .589 

0.0199 

50.98 

1.373 

0.0000 

0.0 

50.18 


0.098 

0.999 

0.999 

0.0329 

32.63 

1.739 

0.0000 

0.0 

62.97 

3 

0.059 

0.509 

0.889 

0.0365 

29.29 

1.553 

0.0000 

0.0 

99.09 

9 

0.073 

0.517 

0.979 

0.0339 

33.22 

1.126 

0.0000 

0.0 

66.99 

5 

0.090 

0.539 

1 .029 

0.0317 

39.69 

0.863 

0.0000 

0.0 

62.57 

6 

0.111 

0.555 

0.955 

0 .0399 

32.66 

0.756 

0.0000 

0.0 

69.90 

7 

0.137 

0.579 

0.912 

0.0357 

30.60 

0.635 

0.0000 

0.0 

92.93 

8 

0.169 

0.603 

0.902 

0.0362 

30.55 

0.522 

0.0000 

0.0 

99.17 

9 

0.208 

0.693 

0.673 

0.0369 

28.07 

0.929 

0.0000 

0.0 

92.92 

10 

0.256 

0.685 

0.855 

0.0350 

29.28 

0.912 

0.0000 

0.0 

83.99 

1 1 

0.316 

0.731 

0.705 

0.0389 

16.92 

0.952 

0.0000 

0.0 

63.09 

12 

0.390 

0.731 

0.6't9 

0.0357 

10.83 

0.920 

0.0000 

0.0 

65.57 

13 

0.981 

0.833 

0.965 

0.0907 

5.99 

0.978 

0.0000 

0.0 

63.99 

19 

0.599 

0.879 

0.360 

0.0950 

3.00 

0.529 

0.0000 

0.0 

58.07 

15 

0.732 

0.926 

0. 315 

0.0952 

2.02 

0.532 

0.0000 

0.0 

51.29 

16 

0.903 

0.973 

0.230 

0.0399 

0.61 

0.969 

0.0000 

0.0 

29.09 

17 

1.119 

0.999 

0.033 

0.2869 

-0.10 

3.375 

0.0000 

0.0 

217.89 
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«l * 


FIRST EXPT., STN. 10. S * HE. <10 CM. 


PT 

Y.'OEL 

U/UPM 

1 

0.000 

0.000 

2 

0.010 

0.335 

3 

0.01C 

0.365 

5 

0.015 

0.391 

5 

0.016 

0.505 

6 

0.02C 

0.531 

7 

0.0C6 

0.555 

8 

0.031 

0.553 

9 

0.037 

0.567 

10 

0.052 

0.579 

1 1 

0.058 

0.589 

1C 

0.061 

0.505 

13 

0.073 

0.523 

15 

0.099 

0.556 

1.5 

0.127 

0.570 

16 

0.163 

0.601 

17 

0.208 

0.636 

18 

0.267 

0.68: 

19 

0.355 

0.735 

CO 

0.518 

0.783 

Cl 

0 .‘•96 

0.830 

A '5 

0.565 

0.865 

23 

0.605 

0.883 

C5 

0.725 

0.9C8 

zr , 

0.798 

0.950 

C6 

0.876 

0.970 

C7 

0.955 

0 . 985 

C3 

1 .0h3 

0.996 

C9 

1.173 

1 .000 


UCAIC 

VELGPAD 

0.073 

23.551 

0.290 

16.170 

0.3C5 

15.981 

0.367 

12.653 

0.501 

9.650 

0.532 

6.502 

0.553 

5.035 

0.568 

2.302 

0.579 

1.333 

0.585 

1.100 

0.591 

1 .052 

0.505 

1.069 

0.523 

1.085 

0.5‘*5 

0.981 

0.570 

0.855 

0,601 

0.819 

0.636 

0.776 

0.68C 

0. 752 

0.735 

0.659 

0.78 3 

0.6CS 

0 .830 

0.556 

0.065 

0.568 

0.883 

0.530 

0. 

0.3C5 

0.050 

0.283 

0.970 

0.216 

0 . 9.55 

0.159 

0.9“6 

0.0«1 

1 . 000 

0.000 


PT 

Y DEL 

UCAL, UP 

1 

0.036 

0.577 

f* 

4. 

0 . 055 

0.‘*87 

3 

0 .066 

0.600 

5 

0.069 

0.615 

5 

0 .085 

0.530 

6 

0.105 

0 , '. .60 


0 . 12 9 

0.672 

6 

0.169 

0.&93 

9 

0.196 

0.627 

10 

0 .CoC 

0 .663 

1 1 

0.298 

0 . 70< 

12 

0.368 

0.751 

13 

C.555 

0.806 

15 

0.5p0 

0.86 3 

15 

0.691 

0 . 9< 7 

16 

0.852 

0 . Of.'t 

17 

1 .061 

0.907 


velgrao 

MIX LN/OEL 

1.523 

0,02 3.' 

1 .071 

0 . 0 3i'Ei 

1.063 

0.0'lt 

1 .O',' 

0 .0309 

1 .076 

0.0309 

0.936 

0.0367 

O.C'66 

0.0306 

0.82 9 

0 . 0509 

0.770 

0 0>» 36 

0 . 7,32 

o.c•^^o 

0.703 

0 . 0.*60 

0 . 6-».* 

0 . o^'ia 

0.610 

0.0510 

8,573 

0.0551 

0.352 

0 . 0582 

0.2‘«6 

0.0526 

0,080 

0.1616 


STATtnENTS EXEtUnn: S5P>'« 

CORE UtJiC.E OE'Jfi r COOE- 

OltrNU'il IC*> NUfL'ER OF ERRORS- 0 


PROD 
<»<>. 76 
37. <.6 
57.15 
30.53 
38.31 
33.61 
31 .55 
30.58 
C7.R1 
?7.09 
C2.58 
17. CO 
1C .Cl 
6.31 
3. C5 
0.86 
-0.56 


L/LO 
1 . 7"<5 
1.615 
1 .391 
1.106 
O.90C 
0.839 
0 759 
0 .6C7 
0.55 3 
0.595 
0.5C9 
0.5C7 
0.58C 
0.507 
0.567 
0.501 
1 .783 


RIC 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 . 000 '' 

0.0000 

0.0000 

0.0000 


ARRAT AREA- 6968 BYTES. TOTAL 
, NUMDER OF WARMINGS- 0. 


BETA 

ED. RE 

0.0 

65 . 76 

0.0 

86.02 

0.0 

66.73 

0.0 

67.15 

0.0 

87.16 

0.0 

101 .15 

0.0 

113.62 

0.0 

117.16 

0.0 

123.99 

v.O 

116.79 

0.0 

120.30 

0.0 

109.25 

0.0 

86,57 

0.0 

75.55 

0.0 

69.11 

0.0 

37.65 

0.0 

156.33 


AREA available- 157556 
NJUBER of extensions: 




!6 


BYTES 

0 


Wall static praaaure distribution — SECOND EXPERIMENT 


TAP 

8, OB 

S 

1 

- 82.55 

0.00 

2 

- 59.69 

,006 

3 

- 26.67 

.002 

4 

- 8.89 

.025 

5 

2.54 

- .014 

6 

7.62 

- .018 

7 

12.70 

- .006 

8 

17.78 

.006 

9 

22.86 

.005 

10 

27.94 

.000 

11 

33.02 

- .003 

12 

38.10 

.001 

13 

43.18 

.000 

14 

48.26 

.002 

15 

53.34 

.005 

16 

58.42 

- .002 

17 

63.50 

- .020 

18 

68.58 

- .021 

19 

76.96 

.019 

20 

87.12 

.006 

21 

98.55 

.000 

22 

129.03 

- .002 

23 

159.51 

- .002 

24 

189.97 

- .007 


TAP, 


S P If 


pw 


8 - 0 at start of curvature 
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SEC. EXPT. 


STN 1 . S = - i 18 . 74 CM 


UPW=14.94 n/SEC 


PT 

Y/DEL 

U/UP 

1 

0.022 

0.503 

«_ 

0.040 

0.603 

3 

0.058 

0.642 

4 

0.075 

0.667 

5 

0.104 

0.695 

6 

0.127 

0.713 

7 

0.155 

0 . 7 .» 2 

8 

0.189 

0.752 

9 

0 . 232 

0.773 

1 0 

0 . 286 

0.795 

1 1 

0.353 

0.823 

1 2 

0.434 

0.852 

1 3 

0.536 

0.883 

14 

0.660 

0.925 

1 5 

0.814 

0.966 

16 

1.002 

0.990 

17 

1 . 237 

1.000 

18 

1 . 526 

1.000 

19 

1 . 882 

1.000 

DISP . 

THICKNESS = 0. 


SHAPE FACTOR = 1.300 


DY PR 

YPLUS 

UPLUS 

0 . 333 

1 9 . 

11.6 

0 .478 

36 . 

13.9 

0.541 

5 1 . 

14.8 

0 . 584 

66. 

15.4 

0.635 

9 1 . 

16.0 

0 .668 

112. 

16.5 

0.704 

1 37 . 

16.9 

0.742 

167 . 

17 . 3 

0.785 

205. 

17.8 

0.831 

252. 

18.3 

0 . 889 

..11. 

19.0 

0.952 

383. 

19.6 

1.024 

472. 

20.4 

1.123 

582 . 

21.3 

1.224 

7 17. 

22 . 3 

1 . 288 

883 . 

22.8 

1.313 

1 090. 

23. 1 

1.313 

1345. 

23 . 1 

1.313 

1658 . 

23 . 1 

CM . 

MOMT . 

TH I CKESS 


DELTA 99 = 2.206 CM. 


nOMENTUn THICKNESS REYNOLDS NO. = 2282. 


CF/ 2 


O 

t- 


CF/2 
0.00172 
0.00193 
0.00193 
0.00191 
0 . 00 1 88 
0.00187 
0.00166 
0.00185 
0 . 00 185 
0.00185 
0.00187 
0.00190 
0.00194 
0.0020 1 
0.00208 
0 . 00209 
0 . 00204 
0.00 195 
0.00 188 

.248 CM. 


= 0.00188 


SEC. 

EXPT . . 

STN 2. S»- 

74.29 Cn 

., UPU« 

15. 

11 M/SEC 


PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 


UPLUS 

CF/2 

1 

0.016 

0.441 

0. 262 

19. 


10.6 

0.00138 

2 

0 .030 

0.565 

0.429 

34. 


13.6 

0.00172 

3 

0.043 

0 .607 

0.495 

49. 


14.6 

0 .00175 

4 

0 .056 

0.632 

0 .536 

64 . 


15.2 

0 . 00 174 

5 

0.078 

0.665 

0 . 594 

89 . 


16.0 

0.00 174 

6 

0.095 

0.683 

0.627 

109. 


16.4 

0.00 173 

7 

0.116 

0 .704 

0.665 

133. 


16.9 

0 . 0 0 IV 3 

8 

0.141 

0 ,724 

0.704 

162 . 


17 . 4 

0.00173 

9 

0.174 

0.746 

0.747 

199 . 


17.9 

0.00 174 

10 

0.214 

0.770 

0.795 

245 . 


18.5 

0.00 175 

1 1 

0.263 

0.795 

0.848 

30 1 . 


19.1 

0.00 176 

12 

■ . 324 

0.820 

0.902 

37 1 . 


19.7 

0 00177 

13 

0.400 

0 .849 

0 . 968 

458 . 


20 . 4 

0.00181 

14 

0.492 

0.881 

1.041 

564 . 


21.1 

0.00 184 

15 

0.607 

0.915 

1.123 

695. 


2 1.9 

0 . CO 189 

16 

0.748 

0.951 

1 . 21U 

857 . 


22 . 8 

0.00 194 

17 

0 .923 

0.985 

1.300 

1057 . 


23 . 6 

0.00 198 

18 

1.139 

1.000 

1.341 

1 304 . 


24 . 0 

0.00 195 

19 

1 . 404 

1.001 

1 . 344 

1608 . 


24 . 0 

0 . 00 188 

20 

1.733 

1.000 

1.341 

1984 . 


24 . 0 

0.00 180 

2 1 

2.138 

1.000 

1.341 

2447 . 


24 . 0 

0.00 173 

DISP . 

THICKNESS = 0.422 

CM. 

MOMT. 

THICKESS =0 

.322 CM, 

SHAPE 

FACTOR 

= 1.312 

DELTA 

99 = 2. 

955 

CM . 



MOMENTUfl THICKNESS REYNOLDS NO. = 2989. CF/2 = 0.00174 
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SEC. E'\^l 


STN 3, S=-52.70 CM 


UPM= 15.12 M/SEC 


PT 

Y/DEL 

U/UP 

1 

0.015 

0.439 

2 

0.027 

0.560 

3 

0.039 

0.593 

4 

0.050 

P 6 2 4 

5 

0.070 

C 5N 

6 

C . 08b 

0.674 

7 

0.105 

0.694 

8 

0.127 

0.713 

9 

0.157 

0.735 

10 

0.193 

0 .757 

1 1 

0 . 238 

0.783 

12 

0.292 

0 .8C8 

1 3 

0.36-1 

0.835 

14 

0.444 

0.866 

1 5 

0 . 548 

0.899 

16 

0.675 

0 .934 

17 

0.833 

0 . 969 

18 

1.027 

0.993 

19 

1 . 267 

1.000 

20 

1.563 

1 . 000 

2 1 

1.928 

0.999 

DISP . 

THICKNESS = 0. 


SHAPE FACTOR = 1 . 308 


DY 

PR 

YPLUS 

UPLUS 

C . 

259 

18. 

1 0 . 

7 

0 . 

422 

34 . 

1 3 . 

6 

u . 

480 

47 . 

1 4 . 

5 

0 . 

523 

63 . 

1 5 . 

2 

0 . 

574 

88. 

15. 

9 

0 . 

6 1 0 

107 . 

16 . 

4 

0 . 

648 

131 . 

16 . 

9 

0 . 

683 

159. 

17 . 

3 

0 . 

726 

196 . 

17 . 

o 

0 . 

770 

24 1 . 

18 . 

4 

0 . 

823 

297 . 

19. 

0 

0 . 

876 

366 . 

19 . 

6 

0 . 

937 

45 1 . 

20 - 

3 

1 . 

008 

556 . 

2 1 . 

1 

1 . 

087 

685 . 

2 1 . 

9 

1 . 

17 1 

844 . 

22 . 

7 

1 . 

. 262 

1 042. 

23. 

b 

1 . 

. 326 

1 285. 

24 . 

1 

1 . 

344 

1585. 

24 . 

3 

1 , 

, 344 

1 9 55. 

2 4 . 

3 

1 . 

.34 1 

2412. 

24 . 

3 


nOMT. THICKESS =0 
= 3.277 CM. 

CF/2 


CM . 

DELTA 99 

MOMENTUM THICKNESS REYNOLDS NO. = 3332. 
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CF/2 
0.00137 
0,00170 
0.00170 
0.00170 
0.00169 
0.00169 
0.00169 
0.00169 
0.00169 
0.00169 
0.00171 
0.00173 
0.00175 
0.00179 
0.00183 
0.00 187 
0.00 192 
0.00 193 
0.00187 
0.00 180 
0.00 173 

.359 CM. 


= 0.00169 



SEC . 

EXPT. . 

STN 4. S=- 

91.28 CM. , UPW= IS 

. 1 6 M/SEC 


PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0 . 0 m 

0 .936 

0.259 

19 . 

10.7 

0.00135 

2 

0.026 

0.557 

0.922 

39 . 

13.6 

0.00167 

3 

0.037 

0.595 

0.983 

99 . 

19.6 

0.00169 

4 

0.099 

0.619 

0.521 

63. 

15.1 

0.00167 

5 

0 . 068 

0 . 699 

0 . 579 

88. 

15.9 

0.00166 

6 

0 . 082 

0 . 669 

0.610 

108. 

16.9 

0.00166 

7 

0.101 

0 . 687 

0.693 

132. 

16.8 

0.00166 

8 

0.123 

0.707 

0.631 

160 . 

17 . 3 

0,00166 

9 

0.151 

0.729 

0.729 

197 . 

17.9 

0.00 166 

10 

0.186 

0.751 

0.767 

293. 

18.9 

0.00 167 

1 1 

0 . 229 

0.775 

0.818 

299 . 

19.0 

0.00168 

12 

0.282 

0 . 8C2 

0 . 879 

368 . 

19.6 

0.00170 

13 

0 . 397 

0.829 

0 . 935 

959 . 

20 . 3 

0.00173 

1«4 

0.928 

0.859 

1.003 

559 , 

2 1.0 

0.00 176 

1 5 

0 . 5 28 

0.891 

1.079 

689 . 

2 1.8 

0.00 179 

16 

0.650 

0.925 

1 . 16 3 

849 . 

22.7 

0.00 189 

17 

0.802 

0.963 

1.260 

1093. 

23 . 6 

0.00189 

18 

0.990 

0.990 

1.331 

1 293. 

29 . 2 

0.00191 

19 

1.220 

1.000 

1 . 359 

1 599 . 

29 . 5 

0.00187 

20 

1 . 506 

1.001 

1.361 

1967 . 

29 . 5 

0.00 180 

2 1 

1.857 

1.000 

1 . 359 

2926 . 

29 . 5 

0.00173 

DISP . 

THICKNESS = 0.991 

CM. 

MOMT. THICKESS =0. 

375 CM. 

SHAPE 

FACTOR 

= 1.310 

DELTA 

99 = 3.901 

CM . 




MOMENTUM THICKNESS REYNOLDS NO. ^ 35?^. CF/2 = 0.00167 



SEC. EXPT. 


STN 5. S^-^9.84 CM. 


UPUri5.03 n/SEC 


PT 

Y/DEL 

U/UP 

DY PR 

1 

0.013 

0 . 429 

0 . 246 

2 

0.024 

0.540 

0.391 

3 

0.034 

0.579 

0.450 

4 

0.044 

0.603 

0 . 483 

5 

0.062 

0.634 

0.538 

6 

0.076 

0.653 

0.572 

7 

0.092 

0 . 676 

0.612 

8 

0.112 

0.694 

0.645 

9 

0.138 

0.714 

0.683 

10 

0.169 

0.738 

0.729 

1 1 

0.209 

0.762 

0 . 777 

1 2 

0 . 257 

0.783 

0.831 

1 3 

0.317 

0.815 

0.889 

1 4 

0.390 

0.346 

0.958 

1 5 

0.481 

0 . S79 

1.034 

16 

0.593 

0.914 

1.118 

17 

0 . 7 3 2 

0.952 

1.212 

18 

0.902 

0.982 

1 . 288 

19 

1.113 

1.000 

1.336 

20 

1 . 37 3 

1.001 

1.339 

21 

1 . 6Q4 

1.000 

1 33o 

DISP . 

THICKNESS 

= 0.535 

CM . 


YPLUS 

UPLUS 

CF/2 

18. 

10.7 

0.00132 

33 . 

13.5 

0.00160 

48 . 

14.4 

0.00162 

62 . 

15.0 

0.00161 

86 . 

15.8 

0.00160 

105. 

16.3 

0.00160 

128 . 

16.9 

0.00161 

156 . 

17.3 

0.00161 

192. 

17.8 

0.00161 

236 . 

18 . 4 

0.00162 

29 1 . 

19.0 

0.00163 

358 . 

19.6 

0.00165 

442. 

20.3 

0.00168 

544 . 

2 1.1 

0.00171 

67 1 . 

2 1.9 

0.00176 

8 27 . 

22.8 

0.00 180 

10 2 1. 

23 . 

0.00 186 

1 259 . 

24.5 

0.00 189 

1 553. 

24 . 9 

0.00 187 

19 15. 

25.0 

0.00 180 

2 3 6 3. 

24 . 9 

0.00 173 


MOMT. THICKESS =0.405 CM. 


SHAPE FACTOR = 1.3^1 DELTA 99 = 3.730 CM. 


MOMENTUM THICKNESS REYNCLD.S NO. = 3778. CF/2 = 0.00161 




SEC . 


EXPT . 


STM 7. S»10.39 CM. (13 DEG), UPMM5.00 M/SEC 







PT 

Y/DEL 

U/UP 

DY PR 

1 

0.010 

0 . 395 

0.218 

2 

0.018 

0.506 

0.358 

3 

0.026 

0 . 549 

0 . 422 

4 

0.034 

0 . 576 

0.465 

5 

0 . 047 

0.613 

0 . 528 

6 

0.058 

0.635 

0. 566 

7 

0.070 

0.658 

0.6 10 

8 

0 . 085 

0 . 678 

0.648 

9 

0.105 

0.697 

0 . 686 

10 

0.129 

0.719 

0.732 

1 1 

0.159 

0.740 

0.777 

12 

0.196 

0.764 

0 .828 

1 3 

0.242 

0.790 

0.886 

14 

0 . 298 

0.818 

0.950 

1 5 

0 . 363 

0.850 

1.024 

16 

0.453 

0 . 884 

1.105 

17 

0 . 559 

0.921 

1.19 1 

18 

0.690 

0 . 948 

1 . 257 

19 

0.851 

0.957 

1.280 

20 

1.049 

1.001 

1 . 379 

2 1 

1.295 

1.001 

1.379 

22 

1 . 598 

1.000 

1 . 377 


DISP. THICKNESS = 0.676 CM. 
SHAPE FACTOR = 1.314 DELTA 

MOMENTUM THICKNESS REYNOLDS NO. 


YPf.US 

UPLUS 

CF/2 

18. 

10.3 

0.00114 

32. 

13.2 

0.00142 

46 . 

14.3 

0.00146 

60 . 

15.0 

0.00147 

84 . 

15.9 

0.00149 

103. 

16.4 

0.00150 

1 25 . 

17.0 

0.00151 

152. 

17 . 5 

0.00151 

167 . 

18.0 

0.00150 

230 . 

18.5 

0.00150 

284 . 

19.0 

0.00)50 

349 . 

19.5 

0.00150 

431 . 

20 . 1 

0.00151 

53 1 . 

20 . 6 

0.00152 

655 . 

2 1.3 

0.00153 

807 . 

22 . 0 

0.00 155 

996 . 

22 . 6 

0.00157 

1228 . 

23 . 0 

0.00 155 

15 15. 

00 

0.00 147 

1869 . 

23.4 

0.00 148 

2305 . 

22.9 

0 . 00 ne 

2844 . 

22.2 

0.00124 


MOMT. THICKESS =0.514 CM. 
99 = 4.879 CM. 

= 4889. CF/2 = 0.00147 
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SEC . 

EXPr . , 

STN 8, S=2 

5.19 CM. 

(31 DEG ) > 

UPU^ 1 5 . 

14 M/SEC 

PT 

Y/OEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.010 

0.316 

0.140 

15. 

9 . 6 

0 . 00080 

2 

0.019 

0.418 

0.244 

28 . 

12.6 

0.00103 

3 

0.027 

0.455 

0.290 

40 . 

13.7 

0.00106 

4 

0.035 

0.480 

0 . 323 

52. 

14.5 

0.00108 

5 

0.050 

0.512 

0 . 368 

72. 

15.4 

0.00109 

6 

0.061 

0.532 

0.399 

88 . 

16.0 

0.00110 

7 

0.075 

0.554 

0.434 

108 . 

16.7 

0.00112 

8 

0.091 

0 . 577 

0.472 

13 1. 

17.3 

0.00114 

9 

0.112 

0.610 

0 . 528 

16 1. 

18.3 

0.00119 

1 0 

0.137 

0.643 

0 . 587 

198. 

19.2 

0.00124 

1 1 

0.168 

0 . 677 

0.650 

24 3 . 

20.1 

0.00128 

1 2 

0 . 207 

0.713 

0.721 

299 . 

2 1.1 

0.00133 

1 3 

0.255 

0.746 

0.790 

368 . 

22 . 0 

0.00137 

14 

0.314 

0 .780 

0.864 

454 . 

2 2.9 

0.00140 

1 5 

0 . 387 

0.816 

0.942 

56 0 . 

23.3 

0.00143 

16 

0 . 477 

0.852 

1.024 

689 . 

24 . 6 

0.00146 

17 

0 . 589 

0 . 8'54 

1.120 

85 1 . 

25 . 5 

0.00149 

18 

0.727 

0.938 

1 . 222 

1 050. 

26 . 4 

0.00152 

1 9 

0.896 

0.980 

1.318 

1 2 9 4. 

27 . 2 

0.00154 

20 

1.105 

1.000 

1.361 

1 597. 

27 . 2 

0.00143 

2 1 

1.364 

1.000 

1.361 

1 97 0 . 

26 . 6 

0.00136 

22 

1.683 

1.000 

1.361 

243 1. 

25.8 

0.00124 

DISP . 

THICKNESS = 0.814 

CM . 

MOMT . THICKESS =0 

.569 CM. 

SHAPE 

FACTOR 

= 1.430 

DELTA 

99 = 4.632 

CM . 



nonENTun thickness Reynolds no. = 5376. cf/2 = 0.00109 
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SEC. EXPT. 


STN 9. S=41.98 CM. (52 DEG), UPW^15.13 M/SEC 


PT 

Y/DEL 

U/UP 

DY PR 

1 

0.010 

0.312 

0.135 

2 

0.019 

0.418 

0.241 

3 

0.027 

0.455 

0 . 287 

4 

0 . 035 

0 . 480 

0.320 

5 

0 . 049 

0.510 

0.363 

6 

0.060 

0 . 532 

0 . 396 

7 

0.073 

0 . 555 

0.432 

8 

0 . 089 

0 . 578 

0.470 

9 

0.110 

0.608 

0.521 

1 0 

0.135 

0.641 

0 . 579 

\ 1 

0.166 

0 . 677 

0.645 

t 2 

0.204 

0.709 

0.709 

13 

0.251 

0 .744 

0 .780 

14 

0.309 

0.777 

0.851 

1 5 

0 . 382 

0.814 

0.932 

16 

0.470 

0 .850 

1.013 

17 

0 . 580 

0.892 

1.107 

18 

0.715 

0.935 

1 . 206 

1 9 

0.882 

0 . 978 

1 . 306 

20 

1 . 088 

0.999 

1.351 

2 1 

1.343 

1.000 

1 . 354 

22 

1.657 

1.000 

1 . 354 

DISP . 

THICKNESS = 0.825 

cn. 

SHAPE 

FACTOR 

= 1.429 

DELTA 


MOnENTUM THICKNESS REYNOLDS NO. 


YPLUS 

UPLUS 

CF/2 

15. 

9 . 4 

0 . 00078 

28 . 

12.6 

0.00103 

39 . 

13.8 

0.00106 

5 1 . 

14.5 

0.00108 

72 . 

15.4 

0.00109 

88 . 

16.0 

0.00110 

1 07 . 

16.7 

0.00112 

1 30 . 

17.4 

0.001 14 

160. 

18.2 

0.00118 

196 . 

19.2 

0.00123 

24 1 . 

20 . 2 

0.00128 

297 . 

2 1.0 

0.00132 

365 . 

22 . 0 

0.00136 

450 . 

22.8 

0.00139 

555. 

23 . 7 

0.00142 

684 . 

24 . 6 

0.00145 

844 . 

25 . 5 

0.00148 

1041. 

26 . 4 

0.00151 

1 284 . 

27 . 2 

0.00153 

1584 . 

27 . 2 

0.00143 

1954 . 

26 . 6 

0.00136 

2411. 

25 . 8 

0.00124 

nOMT . 

THICKESS =0 

.577 CM. 

99 = 4. 

705 CM . 


= 54 14 

CF/ 2 

= 0.00109 
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SEC. CXPT., STN 10. S 6 1 . 7 2 CM. (78 DEG). UFM-15.25 M/SEC 


PT 

Y/DEL 

U/UP 

DY PR 

1 

0.010 

0.309 

0.135 

2 

0.019 

0.410 

0 . 236 

3 

0.027 

0.449 

0 . 284 

4 

0.035 

0.474 

0.317 

5 

0 . 048 

J . 504 

0.361 

6 

0.059 

0.523 

0 . 389 

7 

0.072 

0.542 

0.419 

8 

0 . 08« 

0 . 5o3 

0.455 

9 

0.108 

0.590 

0.500 

10 

0.133 

0.622 

0.556 

1 1 

0.163 

0.658 

0.622 

1 2 

0.201 

0.695 

0.693 

13 

0 . 247 

0.733 

0.772 

14 

0.304 

0.772 

0.853 

15 

0.376 

0.808 

0.935 

16 

0.463 

0.845 

1.019 

17 

0.571 

0 . 886 

1.113 

18 

0.704 

0.929 

1.212 

19 

0 . 868 

0.974 

1.316 

20 

1.071 

0.999 

1.372 

2 1 

1.321 

1.000 

1 . 37 4 

22 

1.631 

0.999 

1.372 

DISP . 

THICKNESS 

= 0.861 

CM . 


SHAPE FACTOR = 1.442 DELTA 

MOMENTUM THICKNESS REYNOLDS NO 


YPLUS 

UPLUS 

CF/2 

1 5 . 

9 . 5 

0 . 00077 

27 . 

12.6 

0.00099 

39 . 

13.8 

0.00104 

5 1 . 

14.5 

0.00105 

7 1 . 

15.4 

0.00106 

87 . 

15.9 

0.00107 

106. 

16.5 

0.00108 

1 29 . 

17.1 

0.00109 

159. 

17.9 

0.00112 

195. 

18.8 

0.00117 

240 . 

19.8 

0.00122 

295 . 

20 . 9 

0.00127 

364 . 

2 1.9 

0.00132 

4 48 . 

22 . 9 

0.00137 

552 . 

23.9 

0.00141 

680 . 

24 . 7 

0.00 143 

84 0 . 

25 . 6 

0.00147 

1 0 36. 

26 . 5 

0.00149 

1 277 . 

27 . 4 

0.00152 

1 576. 

27 . 5 

0.00147 

1944 . 

26 . 9 

000136 

2399 . 

26 . 1 

0.00124 


MOMT . THICKESS =0.597 CM. 
99 = 4.780 CM . 

= 5637 . CF/2 = 0.00106 




SEC . 


EXPT . , STN 1 2 . 


S=83.M7 CM. 


UPW= : 4 . 97 M/SEC 


PT 

Y/DEL 

U/UP 

1 

0.010 

0.310 

2 

0.019 

0.409 

3 

0.027 

0.445 

4 

0.035 

0 .468 

5 

0 . 048 

0.492 

6 

0.059 

0.508 

7 

0.072 

0 .525 

8 

0 . 088 

0 . 546 

9 

0.108 

0 . 567 

1 0 

0.133 

0 . 597 

1 1 

0.164 

0 .633 

1 2 

0.202 

0 .668 

1 3 

0 . 248 

0.7 14 

14 

0 . 306 

0.761 

1 5 

0 . 377 

0.808 

16 

0.464 

0.851 

17 

0.573 

0.890 

18 

0.706 

0.932 

19 

■’.87 1 

0.975 

20 

1 . 074 

0.999 

2 1 

1.325 

1.001 

22 

1.636 

1.000 


DY PR 

YPLUS 

UPLUS 

0 

. 127 

15. 

9 , 

5 

0 

. 221 

27 . 

12 

6 

0 

. 262 

38 . 

13 , 

7 

0 

. 290 

50 . 

14 , 

4 

0 

. 320 

69 . 

1 5 . 

1 

0 

. 340 

84 . 

15. 

6 

0 

. 363 

103. 

16 . 

1 

0 

. 394 

1 26 . 

16 . 

8 

0 

. 424 

155. 

17 . 

4 

0 

. 470 

190. 

18 . 

4 

0 

. 528 

234 . 

19 . 

5 

0 

. 589 

288 . 

20 . 

6 

0 

. 673 

355 . 

22 . 

0 

0 

.765 

437 . 

23 . 

4 

0 

. 86 1 

539 . 

24 . 

9 

0 

.955 

6 6 3. 

26 . 

2 

1 

, 044 

819 . 

27 . 

4 

1 

. 146 

10 10. 

28. 

7 

1 

. 252 

1 245. 

30 . 

0 

1 

.3 16 

1 536. 

30 . 

7 

1 

. 321 

1895 . 

30 . 

8 

1 , 

.3 18 

2338 . 

30 . 

8 


DISP. THICKNESS = 0.879 CM. MOMT. THICKESS =0 

SHAPE FACTOR = 1.473 DELTA 99 = 4.766 CM. 


MOMENTUM THICKNESS REYNOLDS NO. = 5507. 


CF/2 


CF/2 

0.00078 

0.00100 

0.00103 

0.00104 

0.00104 

0.00103 

0.00104 

0.00106 

0.00107 

0.00112 

0.00118 

0.00124 

0.00133 

0.00142 

0.00151 

0.00159 

0.00165 

0.00172 

0.00179 

0.00180 

0.00174 

0.00167 

.597 CM. 


= 0.00106 
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SEC . 

EXPT . , STN 

13, S=103.71 CM 

PT 

Y/DEL 

U/UP 

DY PR 

1 

0.010 

0.319 

0.135 

2 

0.018 

0.420 

0 . 234 

3 

0.026 

0.457 

0 . 277 

4 

0.034 

0 . 477 

0.302 

5 

0 . 043 

0.505 

0 . 338 

6 

0.058 

0.520 

0 . 358 

7 

0 . 07 1 

0 .536 

0.381 

8 

0 . 087 

0.554 

0.406 

9 

0.107 

0.576 

0.439 

1 0 

0.131 

0.600 

0 . 478 

1 1 

0.161 

0.628 

0.523 

12 

0.199 

0.661 

0 . 579 

13 

0.245 

0.700 

0.650 

14 

0.301 

0.747 

0.739 

15 

0 . 372 

0 .798 

0.843 

16 

0 . 458 

0 .844 

0.945 

17 

0.565 

0 . 888 

1.046 

18 

0 .697 

0.930 

1.146 

19 

0 . 859 

0.971 

1 . 250 

20 

1.060 

0 . 998 

1.321 

2 1 

1 . 307 

1.001 

1.328 

22 

1.613 

1.000 

1.326 

23 

1.839 

1.000 

1 . 326 

DISP 

. THICKNESS 

= 0.897 

CM . 


SHAPE FACTOR = 1.466 DELTA 

MOMENTUM THICKNESS REYNOLDS MO. 


, UPW= 1 4 . 97 M/SEC 


YPLUS 

UPLUS 

CF/2 

15. 

9 . 7 

0.00081 

27 . 

12.7 

0.00104 

39 . 

13.9 

0.00108 

5 1 . 

14.5 

0.00108 

7 1 . 

15.3 

0.00108 

86 . 

15.8 

0.00107 

105. 

16.3 

0.00108 

1 28 . 

16.8 

0.00108 

1 58 . 

17 . 5 

0.00110 

194. 

18.2 

0.00112 

239 . 

19.1 

0.00116 

294 . 

20 . 0 

0.00121 

362. 

2 1.2 

0.00128 

446 . 

22.6 

0.00137 

550 . 

24 . 2 

0.00147 

677 . 

25.6 

0.00156 

835. 

26 . 9 

0.00164 

1 030. 

28. 2 

0.00171 

1 270. 

29.4 

0.00178 

1567 . 

30 . 3 

0.00 179 

1 9 33. 

30.4 

0.00 173 

2386 . 

30.3 

0.00 167 

272 1. 

30 . 3 

0.00163 


MOMT. th::ckess = 0.612 cm. 
99 = 4.833 CM. 

= 5679 . CF/2 = 0.00109 


228 


SEC. EXPT.. 


sTN m » s= ns . 95 cn . 


UPW=15.0) M/SEC 


y/del 
0.Q1Q 
0.018 
0.025 
0.033 
0 . 046 
0 . 056 
0.069 
0 . 084 
0.103 
0.127 
0.156 
0.192 
0 . 237 
0.29 1 
0 . 359 
0.443 

0 , 546 
0.673 
0.83C 
1.024 

1 . 264 
1 . 559 
1 .778 


U/UP 
0.333 
0 .433 
0.469 
0.491 
0.516 
0 .532 
0 . 548 
0 . 566 
0 . 584 
0.607 
0.633 
0.661 
0.695 
0.737 
0.782 
0.834 
0.882 
0.924 
0.963 
0.994 
1.001 
1.000 
0.999 


OY PR 
0. 147 
0.249 
0.292 
0 .320 
0.353 
0.376 
0 . 399 
0.424 
0.452 
0 .488 
0.531 
0 . 579 
0.640 
0.7 19 
0.810 
0.919 
1 . 029 
1.130 
1 . 227 
1 . 306 
1 . 323 
1.321 
1.318 


YPLUS 

15. 
28 . 
39 . 
51 . 

7 1 . 
87 . 
106 . 
130 . 
159 . 
196 . 
24 1 . 
297 . 
366 . 
451 . 
556 . 
685 . 
845. 
1043 . 
1286 . 
1586 . 
1957 . 
24 14. 
2754 . 

liOMT . 


UPLUS 

9.9 

12.9 

13.9 

14.6 

15.3 

15.8 

16.3 

16.8 

17 . 4 
18 . 0 
18.8 

19.6 

20.7 
21.9 
23 . 2 

24 . 8 
26 . 2 

27 . 5 

28 . 6 
29 . 5 

29 .7 

29 .7 

29 . 7 


CF/2 
0 . 00088 
0.00110 
0.00113 
0.00114 
0.00113 
0.00113 
0.00113 
0.00113 
0.00113 
0.00115 
0.00118 
0.00122 
0.00127 
0.00134 
0.00143 
0.00153 
0.00163 
0.00170 
0.00176 
0.00 178 
0.00174 
0.00167 
0.00163 


n CM flOMT. THICKE; 

DISP. THICKNESS = 0.923 CM. 

c csr-iR - 1 447 DELTA 99 = 4.999 CM 

SHAPE FAC 1 JR - 1 • ' 

nOMEHTUn THICKNESS REYNOLDS NO. = SS67 . 


THICKESS =0.638 CM. 


Qf/2 - 0.00113 


111 
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SEC. E.XPT. 


STN 15, S= 124.79 CM. 


UPW^14.97 fl/SEC 


PT 

y/DEL 

U/UP 

DY PR 

YPLUS 

OPLUS 

CF/2 

1 

0.010 

0.335 

0.147 

15. 

9 . 9 

0 . 00088 

2 

0.018 

0.437 

0.251 

28. 

12.9 

0.00112 

3 

0.025 

0.473 

0.295 

39 . 

14.0 

0.00115 

4 

0.033 

0.495 

0.323 

5 1 . 

14.6 

0.00115 

5 

0.046 

0.520 

0 . 356 

7 1 . 

15.4 

0.00114 

6 

0.056 

0.536 

0 . 378 

87. 

15.9 

0.00114 

7 

0 . 068 

0 . 552 

0.401 

106 . 

16.3 

0.00114 

8 

0.083 

0 . 568 

0.424 

130. 

16.8 

0.00114 

9 

0.102 

0 . 588 

0.455 

1 59 . 

17.4 

0.00115 

1 0 

0.125 

0.611 

0.490 

196 . 

18.0 

0.00116 

1 1 

0.154 

0.634 

0 . 528 

242. 

18.7 

0.00118 

1 2 

0.190 

0.661 

0.574 

298 . 

19.5 

0.00121 

13 

0.234 

0.694 

0.632 

367 . 

20 . 5 

0.00126 

14 

0 . 288 

0.729 

0.698 

452 . 

2 1.5 

3.00132 

15 

0.355 

0.772 

0.782 

557 . 

22 . 8 

0.00139 

16 

0.437 

0.823 

0.889 

686 . 

24 . 3 

0.00150 

17 

0.540 

0.374 

1.003 

847 . 

25.8 

0.00160 

18 

0.666 

0.920 

1.113 

1 044. 

27 . 2 

0.00168 

19 

0.821 

0.960 

1.212 

1 288 . 

23 . 4 

0.00175 

20 

1.013 

0.992 

1.293 

1 588 . 

29 . 3 

0.00178 

2 1 

1 . 249 

1.002 

1.318 

1 9 59 . 

29 . 6 

0.00174 

22 

1.542 

1.001 

1.316 

24 18. 

29 . 6 

0.00167 

23 

1.758 

1.000 

1.313 

2758. 

29 . 5 

0.00163 

DISP . 

THICKNESS = 0.941 

CM . 

MOMT . 

THICKESS =0 

651 CM. 

SHAPE 

FACTOR = 

1.445 

DELTA 

99 = 5. 

057 CM. 



nOMENTUM THICKNESS REYNOLDS NO. = 5968. CF/2 = 0.00115 
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SEC. EXPT., STN 16. S=149.43 CM., UPM=14.98 M/SEC 


PT Y/OEL U/UP OY PR 

1 0.009 0.333 0.147 

2 0.017 0.438 0.254 

3 0.024 0.476 0.300 

4 0.032 0.495 0. 325 

5 0.044 0.522 0.361 

6 0.054 0.538 0,384 

7 0.066 0 . 554 0.406 

8 0.080 0.569 0.429 

9 0.099 0 . 588 0.457 

10 0.121 0.607 0.488 

11 0.150 0.630 0.526 

12 0.184 0.657 0.572 

13 0.227 0.689 0.627 

14 0.280 0.723 0.691 

15 0.345 0.764 0.772 

16 0.425 0.811 0.869 

17 C . 525 0.861 0 . 980 

18 0. 647 0.913 1 • 102 

19 0.798 0.956 1.209 

20 0 . 984 0.989 1.293 

21 1.214 1.002 1.326 

22 1.498 1.001 1.323 

23 1.708 1.000 1.321 

DISP. THICKNESS = 0.973 CM. 


YPLUS 

UPLUS 

CF/2 

15. 

9.8 

0 . 00087 

28. 

12.9 

0.00112 

40 . 

14.1 

0.00116 

52. 

14.6 

0.00115 

72. 

15.4 

0.00115 

88 . 

15.9 

0.00115 

107. 

16.4 

0.00114 

13 1. 

16.8 

0.00114 

16 1. 

17.4 

0.00114 

198. 

17.9 

0.00115 

244 . 

18. 6 

0 . OC 1 17 

300 . 

19.4 

0.00120 

370 . 

20 . 3 

0.00125 

456 . 

2 1.4 

0.00130 

562 . 

22.6 

0.00137 

692. 

23.9 

0.00146 

854 . 

25.4 

0.00156 

1 054. 

27 . 0 

0.00166 

1 299 . 

28 . 3 

0.00173 

1 6 0 3. 

29 . 2 

0.00177 

1 977 . 

29 . 6 

0.00174 

2440 . 

29 . 6 

0.00167 

2782 . 

29 . 5 

0.00163 


nOMT. THICKESS =0.674 CM. 



SHAPE FACTOR = 1.444 DELTA 99 = 5.204 CM. 

MOMENTUM THICKNESS REYNOLDS NO. = 6234. C 


0.00115 




SEC. 

EXPT . , STM 17 , S 

= 164.67 

CM. , UPU= 

14.96 M/SEC 

PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 


1 

0.009 

0.343 

0.155 

15. 

10.1 

0 

2 

0.016 

0 .446 

0.262 

28. 

13.1 

0 

3 

0.024 

0.481 

0.305 

40 . 

14.1 

0 

4 

0.031 

0.503 

0.333 

52. 

14.7 

0 

5 

0.043 

0 . 527 

0 . 366 

72. 

15.5 

0 

6 

0.052 

0.543 

0 . 389 

88 . 

15.9 

0 

7 

0.063 

0 . 557 

0.409 

1 08 . 

16.3 

0 

8 

0 . 077 

0.573 

0.432 

132. 

16.8 

0 

9 

0.095 

0.593 

0.462 

162. 

17.4 

0 

1 0 

0.117 

0.612 

0.493 

199 . 

17.9 

1 

1 1 

0.144 

0.633 

0.528 

245 . 

18.6 

0 

1 2 

0.177 

0.657 

0.569 

302 . 

19.3 

0 

1 3 

0.219 

0 . 686 

0.620 

37 2 . 

20.1 

0 , 

1 4 

0 . 269 

0.719 

0.681 

459 . 

2 1.1 

0 

1 5 

0.332 

0.758 

0.757 

566 . 

22.2 

0 , 

1 6 

0.409 

0.801 

0.846 

697 . 

23.5 

0 . 

17 

0 . 505 

0.853 

0.958 

860 . 

25.0 

0 . 

18 

0.623 

0.904 

1.077 

1 060. 

26 . 5 

0 . 

19 

0.768 

0.950 

1.189 

1 307 . 

27 . 9 

0 . 

20 

0.947 

0 . 987 

1.283 

16 13. 

28 . 9 

0 . 

2 1 

1.169 

1.001 

1.321 

1989 . 

29.4 

0 . 

22 

1.442 

1.001 

1.321 

24 55 . 

29.4 

0 . 

23 

1.644 

1.000 

1.318 

2800 . 

29 . 3 

0 . 

DI SP . 

THICKNESS 

= 0.998 

CM. 

MOMT. THICKESS =0 

. 696 

SHAPE 

FACTOR = 

1.434 

DELTA 

99 = 5.406 

CM. 



flOMENTUn THICKNESS REYNOLDS NO. = 6431. 


cr/2 

.00091 
.00 115 
.00 118 
.00 118 
.00 116 
.00 116 
.00115 
.00115 
.00 116 
.00 116 
00 118 
.00120 
00 123 
00 128 
00 135 
00 142 
00 153 
00 163 
00 17 1 
00 176 
00 174 
00 167 
00 163 

CM . 


00 116 
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SEC. EXPT-. SINGLE WIRE 


DATA AT STH. 3» S 


-52.70 CM. 


PT 

Y/OEL 

U/UP 

1 

0.004 

0.124 

2 

O.OOS 

0. 169 

3 

0.008 

0.253 

4 

0.010 

0.319 

5 

0.023 

0.508 

6 

0.034 

0.565 

7 

0 . 046 

0.601 

8 

0.066 

0.640 

9 

0 . 083 

0.663 

1 0 

0.102 

0 . 683 

1 1 

0.126 

0.704 

12 

0.155 

0 .730 

13 

0.192 

0.753 

14 

0. 238 

0.779 

15 

0.293 

0 .805 

16 

0.362 

0 .833 

17 

0 . 446 

0.864 

18 

0 . 5'^ 1 

0 . 898 

19 

0.679 

0 .934 

20 

0 .838 

0.969 

21 

1.035 

0 . 994 

22 

1 . 276 

1.000 

23 

1 . 57b 

1.000 


YPLUS 

UPLUS 

TURB . IN 

5. 

3. 1 

0 .0322 

7. 

4. 2 

0.0561 

10 . 

6.3 

0 . 0860 

13. 

7.9 

0.0985 

28. 

12.5 

0.1019 

43. 

14.0 

0.0930 

58. 

14.8 

0 . 0880 

83. 

15.8 

0.0856 

103. 

16 . 4 

0.0816 

128. 

16.9 

0 . 0804 

157 . 

17 . 4 

0.0785 

194 . 

18 . 0 

0 . 0768 

240. 

18 . 6 

0 . 0742 

297 . 

19 . 2 

0.0722 

366 . 

19.9 

0. 0682 

452. 

20 . 6 

0.0655 

557. 

21.3 

0 .0596 

688. 

22 . 2 

0.0539 

848. 

23. 1 

0 . 0466 

1047. 

23 . 9 

0 . 0349 

1292. 

24 . 6 

0.0169 

1594. 

24.7 

0 . 0079 

1966 . 

24.7 

0.0060 
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0 . 0 cn 


SEC. EXPT., SINGLE WIRE DATA AT STN. 6, S = 


PT 

Y/DEL 

U/UP 

YPLUS 

UPLUS 

TURB .IN 

1 

0.003 

0.116 

5. 

2.9 

0.0200 

2 

0.005 

0.129 

8. 

3.2 

0 . 0354 

3 

0.007 

0.205 

9. 

5. 1 

0 . 0 67 4 

4 

0.009 

0 . 289 

12. 

7.2 

0 . 0906 

5 

0 . 020 

0 . 498 

27 . 

12.4 

0 . 0972 

6 

0 . 030 

0 . 558 

42. 

13.9 

0 . 088 1 

7 

0 . 040 

0.591 

56 . 

14.7 

0 . 0870 

8 

0.058 

0.631 

80 . 

15.7 

0 . 0844 

9 

0.072 

0.651 

100 . 

16.3 

0 . 0832 

1 0 

0 . 089 

0 . 673 

124. 

16.8 

0.0813 

1 1 

0.109 

0.695 

152. 

17.3 

0.0818 

12 

0.135 

0.718 

188 . 

17 . 9 

0 . 0808 

1 3 

0.166 

0 .743 

233 . 

18.5 

0 . 0795 

m 

0 . 206 

0.767 

288 . 

19.1 

0 . 0789 

1 5 

0 . 254 

0.792 

355. 

19.8 

0.0751 

16 

0.313 

0 .820 

438. 

20 . 5 

0.0730 

17 

0 . 386 

0 . 849 

540 . 

2 1.2 

0 . 0684 

18 

0 . 477 

0.881 

667 . 

22. 0 

0.0639 

1 9 

0 . 588 

0.915 

822. 

22.8 

0 .0563 

20 

0.726 

0 . 949 

1015. 

23.7 

0 . 0487 

2 1 

0.896 

0 . 980 

1252. 

24 . 5 

0.0370 

22 

1.105 

1.000 

1545. 

25.0 

0.0199 

23 

1.363 

1 . OCO 

1906 . 

25.0 

0 . 0079 
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1 % 


SEC. 

EXPT. . SINGLE WIRE 

DATA AT 

STN. 7, S 

= 10.39 C 

PT 

Y/DEL 

U/UP 

YPLUS 

UPLUS 

turb.ih. 

1 

0.003 

0. 12-; 

4 . 

3.4 

0.0421 

2 

0.004 

0. 165 

6 . 

4 . 4 

0 . 059 1 

3 

0.006 

0.231 

9. 

6 . 2 

0 . 0800 

4 

0.008 

0.288 

1 1 . 

7.7 

0.0908 

5 

0.018 

0.448 

25. 

12.0 

0.0908 

6 

0.028 

0.506 

38. 

13.5 

0.0828 

7 

0.036 

0.541 

50. 

14,5 

0 . 0774 

8 

0.052 

0.584 

72. 

15.6 

0 . 0732 

9 

0.065 

0.608 

90 . 

16 . 2 

0.0716 

1 0 

0.081 

0 .634 

112. 

16.9 

0 . 0690 

1 1 

0 .099 

0.658 

137. 

17.5 

0 . 0648 

t 2 

0.123 

0 . 680 

170 . 

18.0 

C . 0643 

1 3 

0 151 

0.702 

210. 

18.6 

0 . 0632 

14 

0.187 

0.726 

259 . 

19.1 

0.0620 

1 5 

0.231 

0.752 

320 . 

19.7 

0.0613 

16 

0. 285 

0 . 779 

395. 

20 . 4 

0. 0597 

17 

0 . 352 

0.811 

487 . 

2 1.1 

0 .0577 

18 

0.434 

0.845 

60 1. 

2 1.8 

0.0540 

1 9 

0.535 

0.881 

74 1 . 

22. 5 

0 . 047 1 

20 

0.661 

0.920 

9 15. 

23. 3 

0.0440 

21 

0.815 

0.958 

1128. 

23 . 9 

0 .0354 

22 

1.005 

0.991 

1393 . 

24 . 3 

0.0202 

23 

1.241 

1.003 

17 19. 

24 . 1 

0 . 0083 

24 

1.531 

1.003 

2121 . 

23 . 6 

0.0 048 

25 

1.890 

1.000 

26 17. 

22.8 

0.0043 



SEC. EXPT., SINGLE MIRE DATA AT STN. 8. S 


2S. 20 CM. (32.08 DEG) 


PT 

Y/DEL 

U/UP 

YPLUS 

UPLUS 

1 

0.003 

0.103 

4. 

3. 0 

2 

0.004 

0.129 

6 . 

3.8 

3 

0 . 006 

0.185 

8. 

5.4 

4 

0 .007 

0.236 

1 1 . 

6 . 9 

5 

0.017 

0 . 398 

25. 

11.7 

6 

0 .025 

0.458 

37 . 

13.4 

7 

0.034 

0.492 

50 . 

14.4 

8 

0 . 049 

0.532 

72. 

15.6 

9 

0.061 

0. 560 

90 . 

16.4 

10 

0.075 

0. 587 

111. 

17.1 

1 1 

0.093 

0.615 

136. 

17.9 

12 

0.115 

0 . 646 

169 . 

18.8 

13 

0.142 

0 . 678 

208 . 

19.7 

14 

0.175 

0.709 

257 . 

20 . 5 

15 

0.216 

0.739 

3 18. 

21.3 

16 

0 . 267 

0.770 

392 . 

22. 1 

17 

0 . 329 

0.801 

484 . 

22.8 

18 

0.406 

0.836 

597 . 

23.6 

19 

0.500 

0.872 

736 . 

24 . 4 

20 

0.618 

0.911 

909 . 

25 . 3 

21 

0.762 

0.951 

1121. 

26 . 0 

22 

0.940 

0 . 986 

1 383 . 

26 . 5 

23 

1.16 1 

1.000 

1707 . 

26 . 4 

24 

1.431 

1.000 

2 106. 

25.8 


'9 


TURB .IN. 
0.0281 
0 . 0402 
0.0636 
0.0759 
0.0813 
0.0725 
0 . 0682 
0.063 1 
0.0608 
0. 0586 
0 .0570 
0 .0527 
0 .0495 
0 . 0467 
0 . 0445 
0.0428 
0.04 17 
0.0404 
0 . 0378 
0.035 1 
0.0306 
0.0 187 
0 . 0079 
0.0049 


SEC. EXPT-. 


SINGLE MIRE DATA AT STN . 9, S - 41.48 CM. (52.82 DEG) 


PT 

Y/DEL 

U/UP 

YPLUS 

UPLUS 

TURB . IN . 

1 

0.003 

0 . 088 

4. 

2.8 

0.0196 

2 

0 . 004 

0.102 

5- 

3 . 2 

0 .0323 

3 

0.005 

0.150 

8. 

4 . 7 

0 . 0526 

4 

0 . 007 

0.198 

10 . 

6 . 3 

0 . 0676 

5 

0.016 

0 . 355 

23 . 

11.2 

0 . 0777 

6 

0.024 

0.413 

34 . 

13.0 

0 . 0699 

7 

0 . 032 

0.446 

46 . 

14.0 

0.0646 

8 

0 . 046 

0 . 484 

66 . 

15.2 

0 . 0594 

9 

0.057 

0.510 

82 . 

16.0 

0 . 0570 

1 0 

0.070 

0.536 

102. 

16.8 

0 . 0556 

1 1 

0 . 086 

0 . 565 

125. 

17.7 

0 . 054 1 

12 

0.107 

0 . 597 

155. 

18.7 

0.0516 

1 3 

0.133 

0.632 

192. 

19.7 

0 . 049 1 

14 

0.163 

0.668 

236 . 

20.8 

0.0451 

15 

0.201 

0.705 

29 1 . 

21.8 

0.0410 

16 

0 . 248 

0.739 

360 . 

22 . 8 

0.0371 

17 

0 . 306 

0.776 

443 . 

23 . 8 

0.0343 

18 

0 . 378 

0.8 14 

548. 

24 . 7 

0.0324 

19 

0.466 

0.851 

675. 

25 . 7 

0.0303 

20 

0 . 576 

0.893 

833 . 

26 . 6 

0.0282 

21 

0.710 

0.939 

1028. 

27 . 6 

0.0242 

22 

0.876 

0 . 978 

1268. 

28 . 3 

0.0172 

23 

1.130 

1.003 

1636 . 

28 . 3 

0.0065 

24 

1.334 

1.000 

193 1. 

27 . 7 

0.0049 
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SEC. EXPT., SINGLE WIRE DATA AT STN. 10, S = 61.72 CM. (78.57 DEG) 


PT 

Y/DEL 

U/UP 

YPLUS 

UPLUS 

TURB . IN. 

1 

0.003 

0 . 083 

4 . 

2.6 

0.0162 

2 

0.004 

0.120 

6 . 

3 . 8 

0 .0366 

3 

0.006 

0.175 

8 . 

5 . 6 

0 .0548 

4 

0 . 008 

0.222 

10. 

7 . 1 

0 . 066 1 

5 

0.016 

0 . 359 

22. 

11.4 

0 . 0685 

6 

0.024 

0.413 

33. 

13.1 

0 . 0599 

7 

0 . 032 

0.443 

45. 

14. 1 

0.0540 

8 

0 . 047 

0 . 479 

64 . 

15.2 

0 . 0489 

9 

0 . 058 

0.501 

79 . 

15.9 

0 . 0470 

10 

0.071 

0.525 

98 . 

16.6 

0.0458 

1 1 

0 . 088 

0.550 

120. 

17.4 

0.0445 

12 

0.108 

0.580 

148 . 

18. 3 

0.0432 

13 

0.134 

0.614 

183 . 

19.3 

0.0410 

14 

0.165 

0.653 

226 . 

20 . 4 

0 . 0382 

1 5 

0.204 

0.692 

279 . 

21.6 

0 . 0338 

16 

0.251 

0.732 

344 . 

22.7 

0 . 0298 

17 

0.310 

0.772 

424 . 

23.8 

0 . 0283 

18 

0.382 

0.810 

524 . 

24 . 8 

0.0272 

19 

0.471 

0 .849 

645. 

25.8 

0 . 0259 

20 

0.581 

0.891 

797 . 

26 . 7 

0 .0245 

2 1 

0.717 

0.935 

983 . 

27 . 7 

0.0223 

22 

0 . 885 

0.980 

12 12. 

28.6 

0.0155 

23 

1.091 

0 .998 

1496 . 

28 . 5 

0.0052 

24 

1 . 346 

1.000 

1845 . 

27 . 9 

0.0041 
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SEC. EXPT., SINGLE MIRE DATA AT STN. 12, s a 88.47 CM 


PT 

Y/DEL 

1 

0.003 

2 

0.004 

3 

0.005 

4 

0.007 

5 

0.0 15 

6 

0 .022 

7 

0.030 

8 

0 . 043 

9 

0.053 

1 0 

0.066 

1 1 

0.081 

1 2 

0.10 1 

13 

0.124 

14 

0.154 

1 5 

0 . 189 

16 

0.233 

17 

0 . 288 

18 

0 . 355 

19 

0 .438 

20 

0.541 

2 1 

0 . 667 

22 

0.823 

23 

1.061 

24 

1.253 

25 

1 . 547 


U/UP 

YPLUS 

0 . 096 

4. 

0.118 

6. 

0. 169 

8. 

0 . 225 

10. 

0.374 

23. 

0.421 

35 . 

0.451 

47 . 

0.483 

67 . 

0.503 

84 . 

0.521 

103. 

0.542 

1 27 . 

0 . 567 

158. 

0. 598 

194. 

0.633 

24 1 . 

0.674 

296 . 

0.718 

366 . 

0.765 

45 1 . 

0 .809 

557 . 

0.851 

686 . 

0.890 

848 . 

0.931 

1 046 . 

0.972 

1 290. 

0 . 996 

1663. 

1.000 

1964 . 

1.000 

2424 . 


UPLOS 

TURB . IN. 

3.0 

0.0260 

3.7 

0.0391 

5.3 

0 .0596 

7.0 

0 . 0745 

11.6 

0.0818 

13.1 

0 . 074 1 

14.0 

0 . 0689 

15.0 

0 .0642 

15.6 

0 .0628 

16.2 

0.0620 

16.8 

0.06 15 

17.6 

0.0618 

18.6 

0.0612 

19.7 

0 .0597 

20.9 

0.054 1 

22 . 3 

0 . 0485 

23.8 

0 . 040 1 

25. 1 

0.0324 

26 . 4 

0 . 0278 

27 . 7 

0 . 0256 

28.9 

0 . 0243 

30.2 

0.0184 

3 1.0 

0 . 0083 

3 1.1 

0.0057 

3 1.1 

0.0056 
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SEC. EXPT., SINGLE WIRE DATA AT STN . 13, S 


103.71 CM 


PT 

Y/DEL 

U/UP 

1 

0.003 

0.103 

2 

0. 004 

0.131 

3 

0.005 

0.191 


0.007 

0 . 239 

5 

0.015 

0 . 386 

6 

0.023 

0 . 439 

7 

0.031 

0.467 

8 

0 . 044 

0 . 498 

9 

0.055 

0.517 

10 

0.068 

0.536 

1 1 

0 . 033 

0.555 

12 

0.103 

0 . 578 

13 

0.127 

0.603 

14 

0.157 

0.632 

15 

0.194 

0.665 

16 

0.240 

0.704 

17 

0.296 

0.750 

18 

0.365 

0 .799 

19 

0.450 

0.846 

20 

0 . 555 

0.890 

21 

0.685 

0.930 

22 

0.845 

0.968 

23 

1.043 

0.996 

24 

1 . 287 

1.000 

25 

1 . 589 

1.000 


YPLUS 

UPLUS 

TURB . IN 

4. 

3. 1 

Q . 03 1 1 

6 . 

4.0 

0.0454 

8 . 

5.8 

0 . 0681 

10. 

7.2 

0.0800 

23 . 

11.7 

0 . 0868 

35. 

13.3 

0 . 0794 

47 . 

14.2 

0.0744 

68 . 

15.1 

0.0691 

84 . 

15.7 

0 . 0681 

104. 

16.3 

0.0667 

1 28 . 

16.8 

0.0658 

1 59 . 

17.5 

0.0655 

196 . 

18. 3 

0 . 0648 

242. 

19.2 

0.0638 

299 . 

20 . 2 

0.0600 

369 . 

2 1.4 

0 . 3578 

455 . 

22.8 

0 . 0527 

562. 

24 . 3 

0.0447 

69 2 . 

25.7 

0 . 0347 

855 . 

27 . 0 

0 . 0286 

1 055. 

28 . 2 

0 . 026 2 

1301. 

29 . 4 

0.0199 

1606. 

30 . 3 

0.0098 

1981. 

30.4 

0.006 1 

2444 . 

30 . 4 

0.0062 
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* 


I 


I 

i 


SEC. EXPT., SINGLE WIRE DATA AT STN. 14, S 


118,95 CM. 


I 

I 

} 


PT 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


Y/DEL 

U/UP 

0.003 

0.117 

0 . 004 

0. 151 

0.005 

0.213 

0 . 007 

0.262 

0.015 

0.394 

0.023 

0 . 442 

0.030 

0.470 

0 . 044 

0.501 

0 . 054 

0.518 

0 . 067 

0 . 537 

0 . 082 

0 . 554 

0.10 1 

0 . 576 

0.125 

0 . 599 

0. 155 

0.627 

0.19 1 

0 . 659 

0 . 235 

0.692 

0 . ?90 

0.733 

0 . 358 

0 . 782 

0.441 

0 ,833 

0 . 544 

0.882 

0.671 

0.925 

0.828 

0.962 

1.022 

0.994 

1 . 260 

1.000 

1 .555 

1.000 


YPLUS 

UPLUS 

5. 

3.6 

6. 

4 . 6 

8. 

6.5 

1 1 . 

8.0 

24 . 

12.0 

36. 

13.4 

48. 

14.3 

68. 

15.2 

85. 

15.7 

105. 

16.3 

129. 

16.8 

159. 

17.5 

196. 

18.2 

242. 

19.1 

299 . 

20 . 0 

369. 

21.0 

454. 

22 . 3 

56 1 . 

23.8 

69 1 . 

25 . 3 

853. 

26.8 

1053. 

28 . 1 

1298. 

29 . 2 

1602 . 

30 . 2 

1976 . 

30 . 4 

2438 . 

30 . 4 


TURB. IN. 
0 . 0389 
0.0534 
0 . 0744 
0.084 1 
0.0865 
0 . 0793 
0 . 0746 
0.0707 
0 . 0697 
0 . 0687 
0 . 068 1 
0 . 0673 
0 . 0673 
0 . 0662 
0.0635 
0.0616 
0 .0588 
0 . 0532 
0 . 0460 
0 .0351 
0.0293 
0.0238 
0.0122 
0 . 0064 
0 . 0067 


241 


SEC. EXPT., SINGLE MIRE DATA AT STN. 15, S 


S 


124.79 CM 


PT 

Y/DEL 

U/UP 

1 

0.002 

0.113 

2 

0.003 

0.172 

3 

0.005 

0 . 224 

4 

0 .006 

0 . 274 

5 

0.014 

0 .406 

6 

0 . 022 

0 . 440 

7 

0.029 

0 . 479 

8 

0.042 

.510 

9 

0.052 

0.525 

10 

0.064 

0 . 544 

1 1 

0 . 079 

0.562 

12 

0.098 

0 . 579 

13 

0.121 

0.601 

14 

0.149 

0.627 

1 5 

0.184 

0.655 

16 

0 . 228 

0 .688 

17 

0.281 

0.723 

18 

0 . 346 

0.768 

19 

0.427 

0.8 16 

20 

0 . 527 

0.871 

21 

0.651 

0.917 

22 

0.803 

0.957 

23 

0.991 

0.990 

24 

1 . 222 

1.000 

25 

1 . 508 

0.999 


YPLUS 

UPLUS 

TURB . IN 

4 . 

3.4 

0.0328 

6 . 

5.2 

0.0572 

8 . 

6.7 

0.0735 

10. 

8.2 

0 . 0826 

23. 

12.2 

0 . 0843 

35 . 

13.2 

0 . 0789 

47 . 

14.3 

0.0724 

67 . 

15.3 

0 . 0689 

84 . 

15.7 

0.0675 

103. 

16.3 

0.0666 

1 27 . 

16.8 

0.0658 

1 57 . 

17.3 

0.0649 

194 . 

18.0 

0 . 0644 

240 . 

18.8 

0 . 0636 

296 . 

19.6 

0.0610 

366 . 

20 . 6 

0 . 0594 

451 . 

2 1.7 

0 . 0578 

557 . 

23 . 0 

0 . 0539 

686 . 

24 . 4 

0.049 1 

847 . 

26 . 1 

0.0400 

1 046. 

27 . 5 

0.0300 

1 290. 

28 . 7 

0.0236 

1 59 2. 

29 . 6 

0.0137 

1964 . 

29 . 9 

0.00 6 5 

2423 . 

29 . 9 

0 . 0065 


7A2 


«c, MPT., ^ 


t 

dr 


T 

} 


I 


PT 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


V/DEL 
0.002 
0.004 
0 . 005 
0.006 
0.014 
0.020 
0.027 
0. 039 
0.048 
0.060 
0. 073 
090 
112 
138 
. 170 
,210 
258 
.3 19 
. 393 
0.485 
0 . 598 
0.738 
0.951 
1.123 
1 . 386 


0 
0 , 
0 , 
0 . 
0 
0 , 
0 
0 , 


U/UP 
0.101 
0.149 
0 . 207 
0.256 


0. 807 
0.859 
9 I I 
953 
986 
000 
999 


yPLUS 

4. 

6 . 

9. 

I 1 . 


563 . 
694. 
856 . 
1057. 
1303. 
1679. 
1983. 
2447 . 


UPLUS 
3. 0 
4.5 
6.2 


0.397 

24. 

' • f 
12.0 

0 . 447 

36. 

13.5 

0.474 

48. 

14.3 

0 . 506 

69 . 

15. 3 

0 522 

85. 

15.7 

0 . 540 

105. 

16.3 

0.560 

129. 

16.9 

0. 579 

159. 

17.5 

0.603 

197 . 

18,2 

0.625 

243 . 

18.8 

0.653 

300. 

19.7 

0.683 

370 . 

20 . 6 

0.7 18 

A ^ M 

456. 

21.7 


22. 9 
24. 3 


25 

27 

28, 

29, 

30. 
30. 


0 
0 
0 
0 
0 
0 
0 
0 
0 , 
0 . 
0 . 
0 . 
0 . 
0 , 
0 . 


TURB. IM 
0 . 0274 
0.9499 
0.0700 
0 . 0792 
0. 0845 
0 . 077 1 
0.0735 
0. 0704 
0 . 0686 
0.0681 
- 067 1 
. 0669 
. 0666 
. 066 1 
. 0642 
. 0629 
.06 10 
. 0583 
0544 
0469 
0359 
027 1 
0 !67 
007 1 
0069 
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r 

1 . 











1 . 

1 

SEC. 

1 

EXPT. , SINGLE UIRE 

DATA AT 

STN. 17, 

1 

S = 164.67 CM. * 

PT 

Y/DEL 

U/UP 

YPLUS 

UPLUS 

TURB.IN. I 

' 1 

0.002 

0.090 

4. 

2.7 

0.0141 

2 

0.004 

0.122 

6. 

3.7 

0.0387 » 

i 3 

0.005 

0 . 178 

8. 

5.4 

0.0600 1 


0.006 

0 . 222 

10. 

6.7 

0.0736 * 

' 5 

0.0 13 

0 . 384 

22. 

11.6 

0 . 0842 

6 

0.020 

0 . 433 

34 . 

13.0 

0.0787 

7 

0.027 

0.469 

45. 

14.1 

0.0742 

' 8 

0.038 

0.503 

64 . 

15.1 

0.0712 

1 9 

0.048 

0.518 

80 . 

15.6 

0.0704 


0.059 

0 . 538 

99 . 

16.2 

0.0683 

* 1 1 

0.072 

0.555 

121 . 

16.7 

0.0680 

1 12 

0 . 089 

0.574 

150 . 

17.3 

0.0678 


0.111 

0 . 597 

185 . 

18.0 

0 . 0674 

1 14 

0.136 

0.621 

228 . 

18.7 

0.0673 

1 5 

0.168 

0.645 

282. 

19.4 

0.0666 

16 

0.208 

0.674 

347 . 

20.3 

0.0660 

17 

0 . 256 

0.711 

428 . 

2 1.4 

0.0635 

18 

0.3 16 

0.749 

529 . 

22.6 

0.0609 

1 19 

0 . 389 

0.795 

651 . 

23.9 

0.0571 

20 

0.481 

0.844 

804 . 

25 . 4 

0.0510 

21 

0.593 

0 . 898 

992. 

27 . 0 

0.0413 

22 

0.731 

0 . 944 

1 223. 

28 . 4 

0.0297 

23 

0.902 

0.^81 

1 509 . 

29 . 6 

0.0201 

24 

1.113 

1.000 

1862. 

30 . 1 

0.0071 

25 

1 . 373 

1 . COO 

2298 . 

30.1 

0.0062 




244 




SECWIO EXPT., 


REY»«)LDS 3TRE13ES AT 8TN. 3t S * -52.70 CH 


OUTPUT NO»OIMEN3IOHALIZEO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSq 

U30/UTSQ 

1 

0.062 

0.9329 

3.562 

2 

0.083 

0.9538 

3.991 

3 

0.103 

0.9228 

3.356 

9 

0.126 

0.9288 

3.287 

5 

0.156 

0.9126 

3.165 

6 

0.193 

0.9093 

3.098 

7 

0.238 

0.860/ 

2.631 

a 

0.293 

0.7702 

2,559 

9 

0.362 

0.7209 

2.259 

10 

0.996 

0.6665 

2. 095 

11 

0.S51 

0.5765 

1 .66 5 

12 

0.679 

0.9609 

1 .3.18 

13 

0.036 

0.1721 

0.52S 

19 

1.039 

0.0338 

0.093 

15 

1 .275 

0.0196 

0.036 


DISPLACEMENT THICKNESS = 0.<»65 CM 


VS9/UT5Q 

HS0AIT5Q 

OSQ/UTSq 

1 .520 

2.137 

7.219 

1 .351 

2.078 

6.870 

1 .317 

1.991 

6.669 

1.327 

1.911 

6.525 

1.393 

1.835 

6.362 

1 .258 

1.769 

6.095 

1 .239 

1 .719 

5.769 

1.185 

1 .629 

5.368 

1.157 

1 .527 

9.938 

1.013 

1.392 

9.950 

0.951 

1 . 199 

3.810 

0.736 

0.938 

3.012 

0.371 

0.350 

1.296 

0.127 

0.091 

0.31 1 

0.095 

0.031 

0.112 


MOMENTUM THICKNESS = 0. 


A 

SHEAR CORR 

ANISOTROPY 

0.129 

0.901 

0.033 

0.139 

0.992 

0.039 

0.138 

0.939 

0.038 

0.192 

0.995 

0.091 

0.193 

0.991 

0.091 

0.199 

0.969 

0.095 

0.199 

0.961 

0.099 

0.193 

0.993 

0.091 

0.196 

0.996 

0.093 

0.159 

0.977 

0.098 

0.151 

0.958 

0.096 

0.153 

0.969 

0.097 

0.136 

0.390 

0.038 

0.109 

0.311 

0.029 

0.175 

0.992 

0.062 


CM. DELTA 99 = J.256 CM. 


MOMENTUM THICKNESS REtNOLDS NO. = 3291. 


UTAU = 0.629 M/SEC 


UPH * 15.12 M/SEC 


OUTPUT NOHDIMENSIONALIZEO ON HALL VELOCITY 


PT 

Y/OEL 

UV/UFUS 

usq/UPWS 

VSO/UPWS 

HSO/UPWS 

OSQ/UFWS 

\ 

0.062 

0.00159 

0.00606 

0.00256 

0.00363 

0.01227 

z 

0.0A3 

0.00162 

0.00535 

0.00230 

0.00353 

0.01 166 

3 

0.103 

0.00157 

0.00571 

0.00229 

0.00336 

0.01133 

4 

0.126 

0. 00156 

0.00559 

0.00226 

0.00525 

0.01109 

s 

0.156 

0.00155 

0.00591 

0.00226 

0.00312 

0.01062 

4 

0.193 

0.00155 

0.00516 

0.00219 

0.C0309 

0,01036 

7 

0.230 

0.00196 

0.00961 

0.00210 

0.00292 

0.00963 

6 

0,293 

0.00131 

0.00939 

0.00202 

0.00277 

0.0091 3 

9 

0. 362 

0.00123 

0.00J85 

0.00197 

0.00260 

0.00890 

1 0 

0.4^6 

0.00117 

0.00598 

0.00172 

0.00257 

0.00757 

\ \ 

0.551 

0.00096 

0.00263 

0.00162 

0.00203 

0 . 00696 

\z 

0.679 

0,00078 

0.00227 

0.00125 

0.00160 

0.00512 

\ 3 

0.630 

0.00029 

0.00089 

0.00063 

0.00060 

0.00212 

f 9 

I .034 

0.00006 

0,00016 

0,00022 

0.00015 

0 . 00053 

15 

1 ,275 

0.00003 

0 oooos 

0.00006 

0.00005 

0.00019 
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SCCOHO EXPT 


REYMOLOS 


STRESSES AT STN 


4 


S = -41 .28 CM. 


OUTPUT NONOIMEMSIONALIZEO ON TRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSO 

USq/UTSQ 

1 

0.059 

0.9681 

3.870 

2 

0.080 

0.9654 

3.660 

3 

0.099 

0.9647 

3.550 

4 

0.121 

0.9407 

3.534 

5 

0.149 

0.9312 

3.407 

6 

0.184 

0.9052 

3.273 

7 

0.228 

0.8758 

3.077 

8 

0.281 

0.8122 

2.777 

9 

0.347 

0.7623 

2.498 

10 

0.427 

0.6'35O 

2.154 

1 1 

0.527 

0.5675 

1.760 

12 

0.650 

0.4239 

1.318 

13 

0.802 

0.2516 

0 795 

14 

0.990 

0.0689 

0.260 

15 

1 .220 

0.0082 

0.035 

16 

1 .506 

0.0007 

0.01 1 


DISPLACEMENT THICKNESS = 0.490 CM. 


VSQ/UTSQ 

MSQ/UTSa 

QSQ/UTSq 

1 .526 

2. 362 

7.758 

1 .389 

2.175 

7.224 

1 .363 

2.071 

6.984 

1.335 

1 .943 

6.813 

1.315 

1.903 

6.625 

1 .281 

1.835 

6.368 

1.273 

1 . 762 

6.112 

1.210 

1 .685 

5.672 

1.131 

1.581 

5.209 

1.036 

1.420 

4.590 

0.854 

1.196 

3.845 

0.704 

0.693 

2.915 

0.463 

0.523 

1.780 

0.222 

0.181 

0.664 

0.052 

0.030 

0.117 

0.010 

0.005 

0.027 


MOMENTUM THICKNESS i 0. 


A SHEAR CORR ANISOTROPY 


0.1J5 0.398 0.031 
0.134 0.418 0.036 
0.138 0.439 0.038 
0.138 0.433 0.038 
0.141 0.440 0.040 
0.142 0.442 0.040 
0.143 0.443 0.041 
0.143 0.44' 0.041 
0.146 0.454 0.043 
0.149 0.459 0,0'«4 
0.148 0. . <4 0.044 
0.145 0.440 0.042 
0.141 0.415 0.040 
0.134 0.370 0.036 
0.070 0.192 0.C10 
0.025 0.063 0.001 


CM. DELTA 99 s 3.401 CM. 


MOMENTUM THICKNESS REYNOLDS NO. s 3528. LTTAU = 0.620 M/SEC 


UPW = 15.17 M/SEC 


OUTPUT NONDIMENSICNAIIZED ON HALL VELOCITY 


PT 

Y/DEL 

UV/UPHS 

1 

0.059 

0.00162 

2 

0.080 

0.00161 

3 

0.099 

0.00161 

4 

0.121 

0.00157 

5 

0.149 

0.00155 

6 

0.164 

0.00151 

7 

0.228 

O.OOIM6 

8 

0.281 

0.00136 

9 

0.547 

0.00127 

10 

0.427 

0.00114 

II 

0.527 

0.00095 

12 

0.650 

0.00071 

13 

0.802 

0.00042 

14 

0 . 990 

0.00015 

15 

1 .220 

O.0C0O1 

16 

1 .506 

0.00000 


UStJ.'UPHS 

vn/upws 

0.00646 

0.00255 

0.00611 

0.00232 

0.0059} 

0.00227 

0.00590 

0.00223 

0 . 00569 

0.00220 

0 . 005‘*6 

0.00214 

0.00514 

0.0021 3 

0 . 00464 

0.00202 

0.00417 

0.00189 

0.00356 

0.00173 

0.00294 

0.00W8 

0.00220 

0.00118 

0.001 33 

0.00077 

0. 00043 

0,00037 

0 . 00006 

0.00009 

0-00002 

0.00002 


Hsa/upi's 

osa/uPHs 

0.00394 

0.01295 

3.00363 

0.01206 

0.00 546 

0.01166 

0.00324 

0.01 1 37 

0.00318 

0.01106 

0.00306 

0.01066 

0.0029^ 

0.01020 

0.00281 

0.009.«7 

0.00264 

0.00870 

0.00237 

0.00766 

o 

o 

o 

o 

o 

0.00642 

0.001-*9 

0.00487 

0.00087 

0.00297 

0.000 30 

0.001 11 

0.00005 

0.00019 

0.00001 

0 00004 
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SECCttO tXPT., 0ETNOLOS STRESSES AT 8TN. Sc S « -2S.SA CM. 


1, 

PT 

Y/OEL 

UVAiTSq 

USOAITSq 

OUTPUT NONOIMENSIONALIZEO ON 
VSO/UTSQ HSq/UTSO OSQ/UTSO 

FRICTION 

A 

VELOCITY 
SMEAR CORR 

ANISOTROPY 

1 1 

0.091 

0.9912 

3.661 

1.457 

2.216 

7.534 

0.132 

0.416 

0.015 

1 2 

0.112 

0.9055 

3.749 

1.407 

2.115 

7.271 

0.136 

0.429 

0.017 

* 3 

0.1 3S 

0.9647 

3.617 

1.383 

2.025 

7.024 

0.140 

0.440 

0.019 

A 

0.170 

0.9586 

3.475 

1.359 

1.932 

6.766 

0.142 

0.441 

0.040 

» 5 

0.210 

0.9285 

3.236 

1.319 

1 .669 

6.444 

0.144 

0.449 

0.042 


0.259 

0.6729 

2.997 

1.276 

1.777 

6.051 

0.144 

0.446 

0.042 

i . 7 

0.320 

0.6203 

2.706 

1.206 

1 .669 

5.603 

0.146 

0.454 

0.043 

S 

0.395 

0.7330 

2.344 

1.102 

1 .525 

4.971 

0.147 

0.456 

0.043 

9 

0.AS7 

0.6163 

1.927 

0.953 

1 .317 

4.196 

0.147 

0.456 

0.043 

10 

0.600 

0.4763 

1 .466 

0.771 

1.016 

3.257 

0.147 

0.450 

0.043 

1 1 

0.761 

0.3169 

0.9S9 

0.533 

0.644 

2.136 

0.149 

0.446 

0.045 

12 

0.914 

0.1423 

0.375 

0.271 

0.258 

0.904 

0.158 

0.448 

0.050 

13 

1.128 

0.0447 

Q.055 

0.073 

0.049 

0.177 

0.253 

0.710 

0.128 

1A 

1.391 

0.0000 

0.013 

0.014 

0.007 

0.034 

0.000 

0.000 

0.000 

. DISPLACEMENT 

THICKNESS 

= 0.533 CM. 

MCMENTUn THICKNESS = 0.404 

CM. 

DELTA 99 < 

3.660 CM. 

MOMENTUM THICKNESS REYNOLDS NO. = 

3766. 

UTAU = 0. 

604 M/SEC 


UPH » 15 

.04 M/SEC 


OUTPUT NONOIMENSIONALIZEO ON HALL VELOCITT 


PT 

Y/OEL 

UV/UPMS 

USQ/UPWS 

VSQ/UPUS 

WS9/UPW3 

QSO/UPHS 

1 

0.091 

0.00169 

0.00622 

0.09235 

0.00357 

0.01213 

2 

0.112 

0.00159 

0.09604 

0.00227 

0.00341 

0.01171 

3 

0.138 

0.00159 

0.00582 

0.00223 

0.00326 

0.01131 

4 

0.170 

0.00154 

0.00560 

0.00219 

0.0031 1 

0.01090 

5 

0.210 

0.00150 

0.00521 

0.00212 

0.00304 

0.01038 

6 

0.259 

0 09141 

9.00483 

0.00206 

0.00286 

0.00974 

7 

0.520 

0.00132 

0.00436 

0.00194 

0.00272 

0.00902 

8 

0.395 

0.00118 

0.00377 

0.00177 

0.00246 

0.00800 

9 

0.487 

0.00100 

0.00310 

0.00153 

0.00212 

0.00676 

. 10 

0.600 

0.00077 

0.00236 

0.00124 

0.00164 

0.00524 

1 1 

0 . 741 

0.00051 

0.00154 

0.00086 

0.00104 

0.00344 

12 

0.914 

0.00023 

00060 

0.00044 

0.00042 

0.00146 

13 

1.128 

0.00007 

0.00O09 

0.00012 

0.00000 

0.00028 

14 

1 .391 

0.00000 

0.00002 

0.00002 

0.00001 

0.00006 
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SECOND EXPT., REYNOLDS STRESSES AT STN. 6, S = 0.0 CM. (0.0 OEGI 

OUTPUT NOf.’DIMENSIONALIZED ON FRICTION VELOCITY 


PT 

1 

2 

3 

4 

5 

6 
7 

a 

9 
10 
1 1 
12 

13 

14 

15 
15 
17 


r/DEL 
0.047 
0.060 
0.072 
0.039 
0.110 
0.135 
0.167 
0,206 
0.254 
0.314 
0.387 
0.473 
0.539 
0. 727 
0.896 
1.106 
1 .364 


UV/UTSt} 
0.9593 
0.9654 
0.9925 
0.9372 
0.9926 
0.9942 
0.9397 
0.9202 
0.6681 
0.81 36 
0.7170 
0.6205 
0.5099 
0.3632 
0.1837 
0.0433 
-0.0008 


USq/UTS? 
3.352 
3.527 
3.569 
3.470 
3-444 
3.391 
3.248 
3.088 
2.887 
2.700 
2.393 
2.060 
1 .665 
1 .236 
0.681 
0-207 
0.022 


VSQ/UTSQ 
1 .393 
1 .454 
1 .449 
1 .474 
1 .495 
1 .504 
1 .500 
1 .470 
1 .425 
1 .370 
1.268 
1.132 
0.945 
0.701 
0.423 
0.192 
0.039 


WSQ/UTSq 
2.298 
2.234 
2.165 
2.126 
2.093 
2.077 
2.022 
1 .939 
1 .880 
I .800 
1 .670 
1 .495 
1 .242 
0.889 
0.477 
0.140 
0.019 


qsQ/UTsq 
7.543 
7.215 
7.204 
7.070 
7 . 0 J / 
6.972 
6.770 
6.497 
6.192 
5.869 
5.331 
4.686 
3.852 
2.626 
1 .532 
0.539 
0.080 


A 

0.128 
0.134 
0.138 
0.140 
0.141 
0.143 
0.1 39 
0.142 
0.140 
0.1 39 
0.134 
0.132 
0.132 
0.130 
0.116 
0.090 
- 0.010 


SHEAR CORR 
0.418 
0.425 
0.436 
0.436 
0.437 
0.440 
0.425 
0.432 
0.428 
0.423 
0.412 
0.406 
0.407 
0.396 
0.342 
0.242 
-0.027 


1 


anisotropy 

C.033 

0.035 

0.038 

0.039 

0.040 

0.041 

0.039 

0.040 

0.039 

0.033 

0.036 

0.035 

0.035 

0.0.34 

0.027 

0.016 

0.000 


NESS 6 0.404 CM. 


displacement THICKNESS = 0.551 CM. MOMENTUM THICK 
momentum THICKNESS REYNOLDS NO. = 3763. UTAU = 0.581 M/SEC 


DELTA 99 = 3.754 CM. 
UPW = 15.00 M/SEC 


I 

1 

I 


OUTPUT NONDIMENSICNALIZEO ON WALL VELOCITY 


PT 

1 

7 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 


T/DEL 
0.047 
0.060 
0.072 
0.089 
0 . ! 10 
0.135 
0.167 
0.206 
0.254 
0.314 
0.567 
0.478 
0.569 
0 . 72 7 
0.896 
1.105 
1 .364 


UV/UFWS 
0.00145 
0.00145 
0.00149 
0.00 1 ■<« 
0.00149 
0-00149 
0 .00141 
0.00133 
0.00130 
0.00122 
C.C0IC8 
0.00093 
0.00077 
3.00055 
0.00028 
0.00007 
- 0.00000 


USO/UPRS 
0.00573 
0.00529 
0.00536 
0.00521 
0,0051 7 
0.00509 
0 ,OOh37 
0.00465 
0.00453 
0.00405 
0.00559 
0.00300 
0.00250 
0.00186 
0.001C2 
0.00031 
0.00003 


vsq/UFws 
0.00209 
0.00218 
0 . 0021 7 
0 . 00.221 
0.00224 
0.00226 
0.00225 
0.00221 
0.00214 
0.00206 
0.00190 
0.001 70 
0.00142 
0.00105 
0 .00064 
0. C0029 
0.00006 


WSO/UPW5 

0.00345 

0.00335 

0.00328 

0-00319 

0.00315 

0.00312 

0.00304 

0.00291 

0.00282 

0.00270 

0.00251 

0.0C224 

0.00136 

0.00133 

0.00072 

0.00021 

0.00003 


qsq/uFws 
0.01132 
0.01085 
o.oinsi 
0.01061 
0.01055 
0.01046 
0.01016 
0.00975 
0.00929 
0.00831 
0 . 00800 
0 .00703 
0.00578 
0.00424 
0.00237 
0.00081 
0.00012 
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SECOND EXPT., RETNOLOS STRESSES AT 3TN. 7, S = 10.39 CH. (17.80 0E6I 


OUTPUT NONDIMENSIONALIZEO ON ERICTION VELOCIIY 


PT 

Y/OEL 

UVAITSq 

USQAJTSO 

VSQAITSQ 

HSq/UTSQ 

QSQ/UTSq 

A 

SHEAR CCRR 

ANISOTROPY 

1 

0.036 

0.7506 

2.979 

1.309 

1 .999 

6.232 

0.120 

0.380 

0.029 

2 

0.093 

0.7090 

2.853 

1 .290 

1 .839 

5.931 

0.120 

0.377 

0.029 

3 

0.056 

0.6215 

2.755 

1.112 

1.726 

5.593 

0.111 

0.355 

0.025 

9 

0.069 

0.5992 

2.669 

1.028 

1 .692 

5.339 

0.102 

0.329 

0.021 

5 

0.039 

0.9796 

2.588 

0.582 

1 .563 

5.139 

0.092 

0.298 

0.017 

6 

0 . lOt 

0.9075 

2.537 

0.961 

1 .507 

5.005 

0.081 

0.261 

0.013 

7 

C.129 

0.9119 

2.993 

0.981 

1.501 

9.975 

0.083 

0.263 

0.019 

S 

0.159 

0.3366 

2.939 

0.996 

1 .972 

9.906 

0.069 

0.216 

0.009 

9 

0.(96 

0.3072 

2.379 

0.992 

1 .963 

9.829 

0.069 

0.200 

0.008 

10 

0.292 

0.2 790 

2.260 

0.979 

1 .937 

9.670 

0.059 

0.185 

0.007 

1 1 

0.293 

0.2306 

2.090 

0.92 7 

1.350 

9.367 

0.053 

0. 166 

0.006 

12 

0. 366 

0.1372 

1 .696 

0.697 

1.229 

3.972 

0.097 

0.198 

0.009 

13 

0.953 

0.1956 

1 .579 

0.753 

1.085 

3.392 

0.093 

0.136 

0.009 

19 

0.559 

0.0995 

1 .222 

0.570 

0.821 

2.613 

0.036 

0.113 

0.003 

15 

0.690 

0 . 0 395 

0.773 

0.397 

0.996 

1 .666 

0.021 

0.062 

0.001 

16 

0.851 

0.0051 

0.285 

0.199 

0.199 

0.663 

0.00 7 

0.021 

0.000 

1 7 

1 .099 

0.0000 

0.050 

0.069 

0.099 

0,163 

0.000 

0.000 

0.000 

DISPLACEMENT 

THICKNESS 

= 0.676 CM. 

MOMENTUM THICKNESS = 0.513 

CM. 

DELTA 99 = 

9.879 CM. 


MOnENTUM THICKNESS REYNOIOS NO. : <t839. UTAU = 0.58<4 M/SEC 


UPW : 15.23 M- SEC 


OUTPUT NONDIMENSIONALIZEO ON WALL VELOCITY 


PT 

T.^DEL 

UV/UPWS 

US'J.UPWS 

VSQ.’UFUS 

HSQ/UFWS 

qsQ.UPWs 

1 

0.036 

0.00110 

0.00938 

0.00192 

0.00286 

0.00916 

2 

0.0m3 

0.0010-4 

0.00-419 

0.00132 

0.00270 

0.00372 

3 

0.056 

0 . 00091 

0.00-405 

0.00163 

0.00259 

0.00322 

H 

0.0&9 

0.000.50 

0.00391 

0.00151 

0.00291 

0,00 789 

5 

0,099 

o.oco.-o 

0.00330 

0.00199 

0.00230 

0.00 759 

6 

0. 10-4 

O.0CC6O 

0.00 5;' 3 

0.00191 

0.00221 

0.00736 

7 

0.129 

0.OCO6O 

0 . 00 366 

0.00199 

0.00221 

0.00731 

8 

0.159 

0.000-49 

0.00353 

0.00196 

0.00216 

0.00721 

9 

0.196 

0.000-45 

0 . 003-49 

0.00196 

0.00215 

0.0071C 

10 

0.292 

O.OOO-tO 

0.00532 

0.00193 

0.0021! 

0.00686 

1 1 

0.293 

0.000 39 

0 . 00307 

0.00136 

0.00198 

0.00692 

1 2 

0. I^3 

0.00028 

0.00279 

0.00129 

0.00181 

0.00589 

1 3 

0.-45 3 

0.00021 

0 . 00231 

0. SO 108 

0.00159 

0.00999 

19 

0 . 559 

0 0001 -4 

0.00130 

0.00089 

0.00121 

0,00389 

15 

0 .6 ’0 

O.0C005 

0 . 001 19 

0 . 00058 

0.00073 

0.002-45 

16 

0.351 

0 . 0000 1 

0.000-42 

0.00029 

0.00029 

0.00100 

1 7 

1 .0.*9 

0.00000 

0.00007 

0.00009 

0.00007 

0.00029 
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SECOND EXPT 


REYNOLDS 


STRESSES AV STN. «t S = 25. 1« CM. t3l.7 OEG> 


OUTPUT NONDIMENSIONALI2EO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTS<3 

USqAJTSQ 

1 

0.046 

0.8868 

2.672 

2 

0.060 

0.8052 

2.446 

3 

0.074 

0 7325 

2.312 

4 

0.091 

0.6579 

2 . 160 

5 

0.112 

0.5594 

1 . 99/ 

6 

0.138 

0.4529 

1 .770 

7 

0.171 

0.3494 

1 .648 

8 

0.211 

0.2458 

1.501 

9 

0.260 

0.1443 

1 .403 

10 

0.320 

0.0776 

1 .332 

11 

0.395 

0.0229 

1 .270 

12 

0.487 

-0-0408 

1 .144 

13 

0.601 

-0.0916 

0.979 

14 

0.742 

-0.1354 

0.70 7 

15 

0.915 

-0.0975 

0.281 

16 

1 .129 

-0.0090 

0.046 

17 

1.392 

0.Q010 

0 '11 


DISPLACEMENT THICKNESS - 0 . 7i»i* CM. 


50/UTSQ 

WSQ./UTSq 

QSO/UTSO 

1 .462 

2.048 

6.181 

1.328 

1.950 

5.704 

1 .241 

1.61 1 

5.364 

1.139 

1.718 

5.016 

1 .047 

1 .601 

4.646 

0.96 7 

1 .497 

4.234 

0.881 

1.590 

3.919 

0 852 

1.307 

3.660 

0.845 

1.254 

3.507 

0 643 

t .18* 

3.356 

0.841 

1.127 

3.238 

0.793 

1.025 

2.960 

0.691 

0.824 

2.494 

0.53 7 

0.570 

1 .814 

0.29} 

0.237 

0.812 

0.037 

0.029 

0.162 

0.017 

0.012 

0.040 


momentum thickness = 0 . 


A SHEAR CORP ANISOTROPY 


0.1AJ 0.AA9 O.O^il 

0.I4I 0.447 0.040 

0.137 0.432 0.057 

0.131 0.420 0.034 

0.120 0.387 O.O'R 

0.107 0.346 0.023 

0.C84 0.290 0.016 

0.067 0.217 0.009 

0.041 0.132 0.003 

0.023 0.073 0.001 

0.007 0.022 0.000 

-0.014 -0.043 0.000 

-0.037 -0.111 0.003 

-0.075 -0.220 0.011 

-0.120 -0.340 0.029 

-0.055 -0.141 0.006 

0.025 0.072 0.001 


CM. DELTA 99 = 4.536 CM. 


MOMENTUM THICKNESS RETNOIDS NO. = 4933. UTAU - 0.521 M/SEC 


UPH = 15.03 M/SEC 


OUTPUT NONOIMENSIONALI2ED ON WALL VELOCITY 


PT 

Y/OEL 

UV, UFWS 

US3/UPWS 

1 

0.046 

0.00106 

0.00 3.’1 

2 

0.060 

0.00097 

0.0029} 

5 

0.0 74 

0.00068 

0.00277 

4 

0.091 

0.000/'9 

0.00259 

5 

0.112 

0.002ti7 

0.00240 

6 

0.133 

O.OOOSh 

0.00212 

7 

0.171 

0.000h2 

0.00193 

8 

0.211 

0.00029 

0.00180 

9 

0.260 

0.0001 7 

0.00169 

10 

0.320 

O.COOG i 

O.COIbO 

1 1 

0 . 315 

O.OGOJ 5 

0.00152 

12 

0.437 

-0 .00005 

0.0013 7 

15 

0.601 

-0. 0001 1 

0.00118 

14 

0 . 7q2 

-0.00016 

0.00025 

15 

0.91S 

-0 .OGO I 2 

Q.QQ034 

16 

1.129 

-0.Q0C01 

0.00006 

17 

1 . 39,2 

0. 00000 

0.00001 


V5Q. UPWS 

NS3.-UPWS 

QSO/UPWS 

0.001 75 

0.00246 

0.00742 

0.00159 

0.00232 

0.00684 

0.00149 

0 00217 

0 .00644 

0.00137 

0.032C6 

0 . 00602 

0.00126 

0.00192 

0-00557 

0.001 16 

0.00180 

0.Q0503 

0.00106 

0.00167 

0.00470 

0.00102 

0.00157 

0.00439 

0.00101 

0.00150 

0.00421 

0.00101 

0.03142 

0.00403 

0.00101 

0.00135 

0.00338 

0 . 00095 

0.00123 

0 .00 555 

0.00033 

0.00099 

0. 002 '9 

0 . 00C6-* 

0.00063 

0.00218 

0.00C3S 

0.00023 

0 . 0009? 

0 . 00010 

O.OOC05 

0.0001 9 

0 . 00002 

0.00001 

0.00005 


.. ou 


SECOND EXPT.. PETNOLOS STRESSES AT 3TN. S = AI.AS CM. (52.88 0E6> 


OUTPUT NONOIMENSIOHAL12ED ON FRICTION VELOCITY 


PT 

Y/OEL 

UVAITSq 

USq/UTSQ 

VSO/UTSq 

HSQ/'UTSQ 

QSO/UTSQ 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.04A 

0.9287 

2.749 

1.550 

2.035 

6.314 

0.147 

0-455 

0.043 

2 

0.058 

0.8488 

2.558 

1.572 

1.925 

5.853 

0.145 

0.455 

0.042 

5 

0.071 

0.7949 

2.438 

1.505 

1.838 

5.581 

0.142 

0.446 

0.041 

A 

0.087 

0.7248 

2.508 

1 . 184 

1.749 

5.241 

0.138 

0.459 

0.038 

5 

0.108 

0.6364 

2.180 

1 .078 

1 .628 

4.887 

0.150 

0.415 

0.034 

6 

0.155 

0.5425 

1.952 

0. 945 

1.498 

4.393 

0.123 

0.400 

0.030 

7 

0.165 

0-4508 

1 .670 

0.821 

1 .343 

3.834 

0.1 18 

0.385 

0.028 

8 

0.205 

0.5559 

1 .415 

0.707 

1.207 

3.529 

0.107 

0.356 

0.025 

<1 

0.251 

0.2740 

1 .202 

0.637 

1.093 

2.931 

0.093 

0.31 5 

0.017 

10 

0.509 

0.21 56 

1 .055 

0.605 

0.994 

2.631 

0.081 

0.271 

0.015 

1 1 

0.581 

0.1661 

0.912 

0.595 

0.914 

2.420 

0.069 

0.226 

0.009 

12 

0.A70 

0.1145 

0.802 

0.609 

0.838 

2 . 2'<9 

0.051 

0.164 

0.005 

15 

0.580 

0.0421 

0,668 

0.593 

0. 729 

2.015 

0.021 

0.066 

0.001 

1A 

0. 715 

-0.0108 

0.S51 

0.597 

0.541 

1 .689 

-0.006 

-0.019 

0.000 

15 

0.882 

-0.0399 

0.26 5 

0.401 

0.275 

0.938 

-0.043 

-0.125 

0.004 

16 

1 .089 

-0.0108 

0 . 042 

0.111 

0.068 

0.221 

-0.049 

-0.158 

0.005 

17 

1 . 595 

0.0000 

0.014 

0.025 

0.016 

0.055 

0.000 

O.OOC 

0.000 

DISPLACEMENT 

THICKNESS 

I 0.825 CM. 

MOMENTUM THICKNESS = 0.577 

CM. 

DELTA 99 = 

4.704 CM. 


MOMENTUM THICKNESS REYNOLDS NO. ' UTAU = 0.500 M/SEC UPU = 15. 1A M/SEC 


OUTPUT NONOIMENSIOMAUZED ON MALL VELOCITY 


PT 

r.-TIEL 

UV/UPUS 

USQ/UPHS 

VSQ.'UPWS 

HSQ.'UPWS 

QSq/UPWS 

1 

0.044 

0.00101 

0.00300 

0.00167 

0.00222 

0.00688 

; 

0.053 

0.00793 

0.00279 

0.00150 

O.OO 21 O 

0.00638 

3 

0.071 

0.00037 

0.00266 

0.001-2 

0.00200 

0.00603 

4 

0.087 

0.00079 

0.00252 

0.00129 

0.00191 

0.00571 

5 

0. 108 

0.0006'-' 

0.002.55 

0.001 13 

0.00177 

0.00553 

6 

0.153 

0.00059 

0.0021 3 

0.00105 

0.00165 

0.00-79 

7 

0 .165 

0.00049 

0.00152 

0.00090 

0.00146 

0 .00418 

8 

0.205 

0.00C59 

0.00154 

0 . ooc 79 

0.00132 

0.00363 

9 

0.251 

0.00050 

0.00151 

0.00069 

0.001 19 

0,00520 

10 

0.500 

0,00025 

0.001 1 3 

0.00066 

0.00105 

0.00237 

1 1 

0. 5.51 

0.00015 

0 . 00099 

0.00C65 

0.00100 

0.00264 

12 

0.470 

0.00012 

0.0005 7 

0.00066 

0.00091 

0 .0024.5 

1 5 

0. .9,50 

0.00005 

0.00075 

0. 000t>5 

0.00079 

0.00220 

1-t 

0 . 715 

-0.00001 

0 .00060 

0.00065 

0.00059 

0.00184 

15 

C.550 

-0.0000- 

0.00029 

0 000 — 

0.00050 

0.00102 

16 

1 . 059 

-0 . 00001 

:.oooos 

0.00012 

0.00007 

0.00024 

' 7 

1 . 5-5 

0.00000 

0.0000.’ 

0 . 00005 

0.00002 

0.00006 
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SECOND EXPT. 

, REYNOLDS 

STRESSES 

AT STN. 

10, S = 61. 

,72 CM. (75.57 OEGI 







OUT PUT 

NOMDIMENSIOMALIZED ON 

FRICTION 

VELOCITY 


PT 

Y/OEL 

UV/UTSO 

USq/UTsq 

VSQ/UTSq 

WSQ.'-UTSq 

QSQ/UTSQ 

A 

SHEAR CORS 

ANISOTROPT 

t 

0.099 

0.8399 

2.377 

1 .386 

1 .376 

5.659 

0. 19S 

0.960 

0.099 

2 

0.057 

0.7626 

2 .180 

1 .256 

1 . 76 7 

5.203 

0.197 

0.961 

0.093 

3 

0.070 

0.7392 

2.079 

1 .200 

1 ,639 

9.962 

0.198 

0.966 

0.099 


0.086 

0.6773 

1 .971 

1.126 

1 .623 

9.719 

0.199 

0.955 

0.091 

5 

0.106 

0.6215 

1 .860 

1 .059 

1 .531 

9.950 

0. 190 

0.993 

0.039 

6 

0.131 

0.550‘4 

1 .670 

0.995 

1 .919 

9.037 

0. 1 36 

0.937 

0.037 

7 

0.162 

0.9997 

1 .972 

0.819 

1 .251 

3.557 

0.127 

0.91 1 

0.032 

a 

0.200 

0.3370 

1 .292 

0.659 

1 .06 3 

2 . 965 

0.119 

0.372 

0.026 

9 

0.29 7 

0.2293 

0 . 930 

0.525 

0.8 79 

2.373 

0.099 

0.313 

0.018 

10 

0.309 

0.1363 

0.809 

0.917 

0.728 

1 .<*59 

0.070 

0.235 

0.010 

11 

0.375 

0.0919 

0 . 70 3 

0.370 

0.651 

1 . 729 

0 . 055 

0. 130 

0.006 

12 

0.962 

0.0639 

0.6 39 

0.356 

0.602 

1 .592 

0.093 

0.195 

0.009 

13 

0.571 

0.0*427 

0.5.3 

0.359 

0.535 

1 .992 

0 . 030 

0.096 

0.002 

19 

0 . loi* 

0.0916 

0.950 

0,377 

0.937 

1 .265 

0.033 

0.101 

0.002 

15 

0.860 

0.0192 

0.229 

0.312 

0.226 

0.762 

0.019 

0.059 

0.001 

16 

1 .071 

-0.0066 

0.092 

0.110 

0.065 

0.216 

-0.030 

-0.096 

0.002 

17 

1.321 

0.0219 

0.017 

0.028 

0.020 

0.066 

0.333 

0.990 

0.22: 

OISPUCEMENT 

THICKNESS : 

: 0.861 CM. 

MOMENTUM THICKNESS = 0.597 

CM. 

DELTA 99 = 

9.780 CM. 


MCMEHTUM THICKNESS RElNOLDS NO. = 56J7. UTAU = fl/SEC UPW = 15.26 M/SEC 


OUTPUT NCHOIMENSIONALI.TEO ON WALL VELOCITY 


PT 

Y/DEL 

UV/UPWS 

USS.'UPWS 

VSC3/U!'WS 

wsq.'UPws 

QSQ-UPWS 

1 

0 . 099 

0.0003S 

0. 00252 

0.00197 

0.00199 

0.00597 

2 

0.057 

0.0003t 

0 002 5! 

0. 001 35 

0,00187 

0 . 00551 

3 

0 .070 

O.OCO/3 

0.00220 

0.C0127 

0.00179 

0 . 00526 

9 

0.086 

c.ooo ;2 

0.00209 

0.00119 

0.001 72 

0 . 00500 

5 

0. lOo 

0 . 0 C 0 lt 6 

0.00197 

0.00112 

0.00162 

0.00*471 

6 

0.151 

0.C0053 

0.00179 

0.00100 

0,00150 

0. 00*423 

7 

0.162 

'j . coC‘6.a 

0.00156 

0.00036 

0.001 52 

0.00375 

V 

0..'00 

0.000 5*3 

0.00132 

0.00070 

0.00113 

0.00319 

9 

0.297 

0 - coo.?'* 

3.00109 

0.00056 

0.00093 

0.00252 

10 

0 . 509 

O.OOGU 

o.oo:.'^6 

0. 000-49 

0.00077 

0.00207 

1 1 

0. 3-5 

0 . C 0 0 ! 0 

0 eoo7'. 

0.00059 

0.00069 

0.00185 

12 

0 . *462 

o.oocor 

0 . 00067 

0.00055 

0 .00C69 

O.C0169 

1 3 

0.571 

O.OGCG^* 

0 . CCQ53 

0.00053 

0.00057 

0.00153 

19 

0.709 

0 . 0 Q c ‘9 

0.300.43 

0 . 000-40 

0 , 00096 

0.00159 

15 

0 . 36.9 

0.00000 

0 .00029 

0.00055 

0.0002*4 

J. 00001 

16 

1 .071 

■ 0.00001 

0 . C 0 C 0 ^ 

0 0C0I2 

0.00007 

0.00023 

1 7 

1 . 321 

0,00000 

0 Pooo; 

0.00003 

0.00002 

0.00007 


SECOND EXPT.i REYNOLDS STRESSES AT STN. 12. S - SS.A7 CM. 


OUTPUT NONO1MENSI0NALI2E0 ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSQ 

oso/ursQ 

\ 

0.037 

1.0901 

3.651 

2 

0.099 

1 .0709 

3.968 

3 

0.057 

1.0899 

3.312 

9 

0.070 

I.II97 

3.250 

5 

0.006 

1.1237 

3.199 

6 

0.107 

1 .1999 

3.163 

7 

0.132 

1 .1958 

3.103 

8 

0.163 

1 .0778 

2.998 

9 

0.200 

0.9509 

2.582 

10 

0.297 

0. 7532 

2.069 

1 1 

0.305 

0.5229 

1.992 

12 

0.376 

0.3395 


13 

0.969 

0.2352 

0.695 

19 

0.572 

0 . 1 8'49 

0.601 

15 

0.706 

0.1615 

O.SO.S 

16 

0.0-’1 

0.1057 

0.320 

17 

1 .075 

0.0000 

0.056 

18 

1 . 326 

-0.C008 

0.026 


VSOAJTSQ 

WSQ/UTSQ 

QSO/UTSO 

1 .811 

2.703 

8.165 

1.797 

2.593 

7.758 

1.723 

2.936 

7.970 

1 .750 

2. 380 

7.380 

1 .752 

2.335 

7.261 

1 .799 

2.320 

7.227 

1 .602 

2.278 

7.073 

1 .566 

2.191 

6.679 

1 .372 

1.915 

5.869 

1 .060 

1 .560 

9.689 

0.771 

1 . 15-* 

3.367 

0.513 

0,830 

2.29? 

0. 337 

0.659 

1 .736 

0.357 

0.560 

1 .998 

0.325 

0.962 

1.295 

0.273 

0.262 

0.855 

0.112 

0.063 

0.231 

0.091 

0.050 

0.098 


A 

SHEAR CORR 

ANISOTROPY 

0.139 

0.929 

0.036 

0.138 

0.93$ 

0.038 

0.195 

0.959 

0.092 

0.151 

0.967 

0.096 

0.159 

0.975 

0.093 

0.159 

0.990 

0.051 

0.162 

0.500 

0.052 

0.161 

0.999 

0.052 

0. 162 

0.505 

0.052 

0.161 

0.509 

0.052 

0.155 

0.996 

0.098 

0.198 

0.985 

0.099 

0.135 

0.959 

0.057 

0.123 

0.910 

0.030 

0.125 

0.397 

0.031 

0.129 

0.357 

0.031 

0.000 

0.000 

0.000 

-0.008 

-0.025 

0.000 


DISPLACEMENT THICKNESS = 0.a?‘» CM. 


MOMENTUM THICKNESS = 0.5V7 CM. DELTA 99 = 4.765 CM. 


MOMENTUM THICKNESS REYNOLDS NO. - 58C9. UTAU - 0.987 M/SEC 


UPH = 19.97 M/SEC 


OUTPUT N0N0IMENSI0NALI7ED ON WALL VELOCITY 


PT 

Y,T)EL 

UV/UPW5 

1 

0.C57 

0.00116 

2 

0 . 0q9 

0.00115 

5 

0.057 

0.00115 

9 

0.070 

0.00113 

5 

0 . 08t> 

0. 0011 9 

6 

0.107 

0.00122 

7 

0.132 

0.00121 

8 

0.163 

0.00119 

q 

0.200 

0.00101 

10 

0 . 29? 

0.00030 

1 1 

0. 305 

0.00055 

12 

0.376 

0. 0C036 

1 3 

0 . 969 

0,00025 

1q 

0.572 

0.00020 

15 

0 . 706 

0.0001 7 

16 

0.871 

O.OOCI 1 

1 7 

1 .0 75 

0 . 00000 

18 

1 . 526 

-o.occoo 


USD.-UPWS 

VSO/UFWS 

0.00387 

0.00192 

0 .00 3o8 

0.00185 

0.00551 

0.00183 

0.003'i5 

0.00136 

0.00339 

0. 00186 

0.00355 

0.00185 

0.00529 

0.00179 

0.00312 

0.00168 

0.002 79 

0.00195 

0 .0021 9 

0.00112 

0.00153 

0.00082 

0.00101 

O.OOCSq 

0 . 0 0 0 7<» 

0 . OOOhI 

0 ,00059 

0.00036 

0 . 0005^ 

O.OOC39 

0.00039 

0 . OOC29 

0 . 003C6 

0.00012 

0 . 0000 3 

0 . OOOOq 


msq/uphs 

QSq/UPWS 

0.00237 

0.00866 

0.00270 

0.00822 

0.00258 

0.00792 

0.00252 

0,00782 

0.00298 

0.00772 

0 . 00296 

0.00766 

0.00291 

0.00 750 

0.00227 

0.00703 

0.00203 

0.00622 

0.00165 

0.00997 

0.00122 

0.00357 

0.00033 

0.00293 

0.00069 

0.00189 

O.OOC59 

0.00159 

0.000-49 

0.00137 

0.00023 

0.00001 

0.00007 

0 . 00029 

0.00005 

0.00010 
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SECOND EXPT,. REYNOLDS STRESSES AT STN. 13, S a t03.71 CM 


OUTPUT monoimensionalized on friction velocity 


PT 

Y/DEL 

UV/UTSq 

usq/UTSq 

VSQ/UTSq 

1 

0.057 

1 .0791 

9.112 

1 .793 

2 

0.093 

1 .0766 

3.999 

1 ,769 

3 

0.056 

1 .0699 

3.759 

1 .730 

9 

0.069 

1 .0779 

3.690 

1.712 

5 

0.085 

1 .0899 

3.589 

1 .716 

6 

0.105 

1 .0996 

3.550 

1 .729 

7 

0.130 

1.1032 

5.930 

1 . 725 

8 

0. 160 

1 .»201 

3.392 

1 .697 

9 

0.198 

1 .0766 

3.268 

1 .620 

10 

0.299 

0.9873 

2.9e>7 

1 .999 

1 1 

0.301 

0.8220 

2.982 

1.199 

12 

0.371 

0.5721 

1.751 

0.853 

13 

0.957 

0.3695 

1.113 

0.528 

19 

0.569 

0.2655 

0 . 750 

0.375 

15 

0.696 

0.2156 

0.619 

0.320 

16 

0.859 

0.1376 

0.383 

0.252 

17 

1 .059 

0.0169 

0.099 

0.129 

18 

1.307 

-0.0029 

0.031 

0.051 


OISPLACENENT THICKNESS = C.8'?7 CM. 


wsq/UTsq 

QSq/UTsq 

A 

SHEAR CORR 

2.801 

8.706 

0.129 

0.397 

2.658 

8.366 

0.129 

0.908 

2.516 

8.005 

0.139 

0.919 

2.991 

7. 893 

0.137 

0.929 

2.905 

7.709 

0.191 

0.939 

2.377 

7.635 

0.199 

0.995 

2.351 

7.506 

0.197 

0.959 

2.339 

7.379 

0.152 

0.970 

2.222 

7.109 

0.151 

0.968 

2.057 

6.973 

0.153 

0.976 

1.716 

5.392 

0,152 

0.977 

I .261 

3,695 

0.199 

0.979 

0.866 

2.507 

0.197 

0.982 

0.697 

1 .772 

0.150 

0,501 

0.501 

1 .955 

0.199 

0.982 

0.265 

0.925 

0.199 

0.990 

0.068 

0.311 

0.059 

0.159 

0.059 

0.116 

-0.021 

-0.061 


thickness = 0.61E CM. DELTA 99 = 


MOMENTUM THICKNESS REYNOLDS NO. = 5679. UTAU a 0.992 M/SEC 


UPW = 19 


OUTPUT NONDIMENSIONALIZEO ON WALL VELOCITY 


PT 

Y/OEl. 

UV/UPMS 

USQ UPMS 

1 

0.037 

0.00117 

0 . 00999 

2 

0.095 

0.00116 

0 . 00926 

3 

0.056 

0.00115 

0.00^06 

9 

0.069 

0.001 16 

0.00399 

5 

0.085 

O.COl 13 

0.00583 

6 

0.105 

0.00)19 

0 .00 5.81 

7 

0.150 

0.00119 

0.00 571 

8 

0.160 

0.001 :i 

0 . 00591 

9 

0.198 

0.00116 

0.00555 

10 

0.299 

0.00107 

0 .00 520 

1 1 

0. 501 

Q 

O 

O 

0 . 00263 

12 

0.371 

0 . 0 G 0 6 2 

0.00189 

15 

0.957 

0 . OOO'.O 

0.00120 

19 

0 . 569 

o.ooc.:9 

0 . C0C31 

15 

0.696 

0 ,003.’3 

0.00066 

16 

0.P59 

O.COO’5 

0.000.42 

17 

I .059 

0.00002 

0.00010 

18 

1.307 

-0.00000 

0.00005 


VSQ/UPWS 

HSQ.'UPWS 

QSQ.7UPWS 

0.00)99 

0.00303 

0 . 00990 

0.00191 

0. 00237 

0.00909 

0.001?’ 

0.00272 

0.00665 

0 . 00165 

0.0026^ 

0.00397 

0.001.85 

0.00260 

0.00S53 

0.00187 

0.00257 

0.00625 

0.00166 

0.00259 

0.00811 

O.C0181 

0.00252 

0.00796 

0.001 75 

0.00290 

0 .00766 

0.00156 

0.00222 

0.00699 

0.00129 

0.00185 

0.00582 

0.00090 

O.COl 56 

0.00915 

0.00057 

0.00095 

0.00271 

0 . 000 . 4 ) 

0.00070 

0.00191 

0.00055 

0.00059 

0.00155 

0.00027 

0.00051 

0.00100 

O.OOOIh 

0 . 00009 

0 . 00039 

0.0000b 

0.00009 

0.00015 


?S4 


ANISOTROPY 
0.031 
0.033 
0.036 
0.038 
O.C90 
0.091 
0.093 
0.096 
0.096 
0.097 
0.096 
0.099 
0.093 
0.095 
0 . 099 
0 . 099 
0.006 
0.001 

i.839 CM. 

.97 M/SEC 


SECOND EXPT 


REYNOLDS STRESSES AT STM. »4, S * 118.95 CM 







1 


r 

i 


I 

I 

1 

I 

I 

i 

I 

I 

1 


OUTPUT MONOIMENSIONALIZED ON FRICTION VELOCITY 


PT 

Y/OEL 

1 

0.036 

2 

0.092 

3 

0.059 

4 

0.067 

5 

0.062 

6 

0.102 

7 

0.126 

8 

0.155 

9 

0.191 

10 

0.256 

11 

0.291 

12 

0.359 

13 

0.992 

19 

0.596 

15 

0.675 

16 

0.830 

17 

1 .070 

18 

1.269 


UVAITSq 

USQ/UTSQ 

VSQ/UTSq 

WSQAJTSq 

QSQ/UTSq 

1.0160 

4.069 

1.706 

2.702 

8.978 

1 .0065 

9.053 

1 .659 

2.601 

8.308 

1.0168 

3.777 

1 .608 

2.999 

7.839 

1 .0363 

3.696 

1.628 

2.389 

7.719 

1 .0993 

3.660 

1 .657 

2.393 

7 .660 

1 .0696 

3.576 

1 .650 

2.321 

7.599 

1 .0792 

3.536 

1 .679 

2.300 

7.516 

1 .0656 

3.972 

1 .679 

2.299 

7.995 

1 .0707 

3.31 3 

1 .657 

2.258 

7.228 

1 .0219 

3.182 

1 .580 

2.163 

6.925 

0.9935 

2,986 

1 .902 

1 .972 

6.360 

0.7715 

2.959 

1 .193 

1 .650 

5.252 

0.5968 

1.739 

0.799 

1 .206 

3.739 

0 . 3531 

1.087 

0.997 

0.T'.9 

2.382 

0.2522 

0.795 

0.390 

0.563 

1 .698 

0.1697 

0.981 

0.257 

0.390 

1 .079 

0.0399 

0.120 

0.122 

0.101 

0.392 

-0.0133 

0.050 

0.050 

0.030 

0.109 


A 

0.120 

0.121 

0.130 

0.13A 

0.136 

0.192 

0.193 

0.196 

0.199 

0.197 

0.199 

0.197 

0.196 

0.199 

0.153 

0.157 

0.101 

-0.126 


DISPLACEMENT THICKNESS = 0.922 CM. 


momentum thickness s 0.638 CM. 


momentum thickness REYNOLDS NO. = 5867. UTAU = 0.505 M/SEv. 


SHEAR CORR 
0.306 
0.369 
0.913 
0.922 
0.929 
0.990 
0.991 
0.950 
0.957 
0.956 
0.961 
0.960 
0.966 
0.961 
0.501 
0.982 
0.295 
-0.359 


ANISOTROPY 
0.029 
0.029 
0.039 
0.036 
0.037 
0.090 
0.091 
0.093 
0.099 
0.099 
0.099 
0.093 
0.093 
0 . 099 
0.097 
0.099 
0.020 
0.032 


DELTA 99 = 9.999 CM. 
UPU = 15.01 M/SEC 


OUTPUT NONOIMENSIONALIZEO on wall VELOCITY 


PT 

Y/DEL 

1 

0.0 36 

2 

0.092 

3 

0.059 

9 

0.06 7 

5 

0.032 

6 

0.102 

7 

O 

r> 

8 

0.155 

9 

0.191 

10 

0.2 3^ 

1 1 

0.291 

12 

0.359 

1 3 

0.992 

19 

0.596 

15 

0.673 

16 

0.830 

1 7 

1 .o;o 

18 

1 .269 


UV/UPWS 
0.00115 
0,00119 
0.00115 
0.00117 
0.00118 
0.00121 
0.00121 
0.00123 
0.00121 
0.00115 
0.00107 
0.00037 
0.00062 
0 . 000^0 
0.00029 
0 .00019 
O.OOOOh 
- 0.00002 


USQ/UPU5 
0 . 00960 
0.00953 
0.00927 
0.00918 
0 . 0Q919 
0.00909 
0 . 00900 
0.00 39J 

0.00575 
0.00550 
0.00553 
0.00279 
0.00196 
0.00123 
0 .0006-* 
0.0009.* 
0.00019 
0.00003 


vsq/upws 

WSQ/UPWS 

qsqAiPws 

0.00193 

0.00506 

0.00958 

0.00187 

0.00299 

0.00939 

0.00182 

0.00277 

0.00886 

0.00139 

0.00270 

0.00872 

0.00187 

0.00265 

0.00866 

0.00187 

0.00262 

0.00859 

0.00190 

0.00260 

0.00850 

0.00190 

O 

o 

o 

P > 

•yi 

0.00392 

0.00187 

0.00255 

0.00817 

0.00179 

0.00295 

0.00785 

0.00159 

0.00223 

0.00719 

0.00129 

0.00137 

0.00599 

0.00090 

0.00136 

0.00922 

0.00056 

0.00090 

0.00269 

0.00038 

0 . 00069 

0.00186 

0.00029 

0.00038 

0.00122 

0.00019 

0.0001 1 

0.00039 

0.00006 

0.00003 

0.00012 


] 
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SECOND EXPT., REYNOLDS STRESSES AT STN. 15, S * 12<*.79 CM 






OUTPUT 

NONOIMENSIONALI2EO ON 

FRICTION 

' ELOCITY 


PT 

Y/OEL 

uv/utsa 

USQ/inSQ 

V50/UTSQ 

WSQ/UTSq 

(JSQ/UTSq 

A 

SHEAR CORR 

ANISOTROPY 

\ 

0.035 

1 .0909 

9.587 

1 .81 7 

3.129 

9.528 

0.109 

0.361 

0.029 

Z 

0.09t 

1 .0375 

9.932 

1.773 

2.660 

9.065 

0.119 

0.370 

0.026 

1 

0.059 

1.0307 

9, I 78 

1 .666 

2.632 

8.976 

0.122 

0.391 

0.030 

9 

0.066 

1 .0<493 

9.090 

1 .652 

2.539 

8.276 

0.126 

0.902 

0.032 

5 

o.oai 

1.0993 

9.010 

1 .682 

2.931 

8.123 

0.129 

0.902 

0.033 

6 

0 . too 

1 -0568 

3.835 

1 .690 

2.900 

7.925 

0.133 

0.915 

0.036 

7 

0. tC9 

1 .07>»9 

3.819 

1 .709 

2.590 

7.919 

0.136 

C.921 

0.037 

a 

0.155 

1 .0' '32 

5.718 

1,710 

2.362 

7,790 

0.137 

0.929 

0.038 

9 

0.169 

1.0817 

3.662 

1 .751 

2.519 

7.713 

0.190 

0.930 

0.039 

to 

0.233 

1 .0758 

3.51 3 

1 665 

2.299 

7.978 

0. 1**9 

0.999 

0.091 

It 

0.267 

1 .0199 

3.306 

1 .577 

2.216 

7.099 

0.193 

0.965 

0.U91 

t2 

0.355 

0.8959 

2.936 

1 . 339 

1.963 

6.293 

0.192 

0.999 

0.091 

t3 

0.937 

0.7306 

2.922 

1.110 

1 .609 

5. 1 37 

0.192 

0.995 

0.090 

t9 

0.539 

0.5018 

1 .6'^9 

0.751 

1 .129 

3.529 

0.192 

0.951 

0.090 

ts 

0.665 

0.3069 

0 . 993 

0 . 999 

0.709 

2.152 

0.193 

0 .961 

0.091 

t6 

0.621 

0.1993 

0.593 

0.285 

0.91 7 

1 . 300 

0.153 

0.933 

0.097 

t7 

1.013 

0.0702 

C.2 33 

0.161 

0.158 

0.552 

0.127 

0.36 3 

0.032 

18 

1 . 299 

-0.01 70 

0 0 38 

0.063 

0.029 

0. 1 50 

-0.1 31 

-0.350 

0.039 

DISPLACEMENT 

THICKNESS 

- 0.990 CM 

MOMENTUM THICKNESS = 0.650 

CM. 

DELTA 99 = 

5.057 CM. 


nOMENTUfI THICKNESS REYNOLDS NO. = 5«68 . 


UTAU - 0.508 fVSEC 


UPU = I'll. 97 M/SEC 


OurPUT ncncimensionalieeo on wall velocity 


PT 

Y/DEL 

UV.'UPKS 

US 7- 'JPWS 

VS3 'UFWS 

WSQ. UPH5 

QSQ.'UFMS 

1 

0.055 

0.00120 

0 . 0052 7 

0 .0020-9 

0.00 5*59 

0.01096 

2 

0.091 

0.00119 

0.005J0 

0.0G209 

0.00529 

0. 010m2 

3 

0 . 059 

0,00119 

0 . 00',80 

0 001 '-’2 

0.00 30 5 

0.00975 

9 

0 . 066 

0. CO 120 

0 . 00970 

0.00 1-90 

0.0C291 

0.00952 

5 

0 . 081 

0.001:0 

0 . OO*,^ 1 

0.00195 

0.00290 

0.00959 

6 

0.100 

0.0012.' 

0 , 00m 91 

0.00199 

0.00276 

0.0091 1 

7 

0. 12‘> 

0.00129 

0.0Cm59 

0 . 001 96 

0.00275 

0.00910 

8 

0.155 

0...:0125 

0 , OOm28 

0.0C197 

0.00772 

0.00896 

9 

0.189 

0.00129 

0.0.'m21 

0.00199 

0.00267 

0.00337 

10 

0.2L5 

0.00125 

O , OOmOm 

0.00191 

0.00269 

0.00860 

1 1 

0 . 287 

0.021 1 7 

0.00 5.90 

0.00181 

0.00255 

0.00816 

12 

0 . 555 

0 . 201 0 5 

0 . 00.5 1.8 

0.00 -.60 

0.00226 

0 . 00729 

13 

0 .h57 

O.OOO"'-, 

0 . 0 C 7 9 

0.0012.6 

0.00169 

'' . 00591 

19 

0.559 

0 . 00063 

0.001 iO 

U . OOO80 

0,00130 

0.00906 

15 

0.665 

0.00055 

0,00115 

0 OOC'-t 

0.00082 

0.002m7 

16 

0.821 

0. 0002 5 

0.00069 

0.00015 

0.00098 

0.00199 

17 

1.015 

3 , 00008 

0.0002 7 

0.00018 

0.00013 

0.0006 5 

18 

1 . .''t? 

-0.00002 

O.OOOOm 

o.oooo.' 

O.C0005 

0.00015 




1 


1 


!! 


i i 
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SECOND EXPT., REYNOLDS STRESSES *T STN. tSi S « 149.45 CM. 


OUTPUT NONDIMENSIONALIZED ON FRICTION VELOCITY 


PT 

Y/OEL 

uv/uTsq 

USQ/UTSq 

VSQ/UTSq 

HSQ/UTSq 

qsq/UTSQ 

A 

SHEAR CORR 

1 

0.034 

1.0715 

4.013 

1.030 

3.158 

9.009 

0.109 

0.360 

2 

0.040 

1 .0556 

4.533 

1 .741 

3.006 

9.281 

0.114 

0.376 

5 

0.052 

1.0511 

4.497 

1 .704 

2.709 

0.910 

0.118 

0.300 

4 

0.064 

1.0579 

4.252 

1.664 

2.625 

0.541 

0.124 

0.398 

5 

0.079 

' 0726 

4.170 

1 .606 

2.542 

0.390 

0.120 

0.405 

6 

0.098 

1 .1009 

4.147 

1 .741 

2.463 

0.350 

0.132 

0.410 

7 

0.121 

1.1281 

4.081 

1 .737 

2.480 

0.290 

0.136 

0.424 

0 

0.149 

1.1256 

4.113 

1 .778 

2.472 

0.364 

0.134 

0.415 

9 

0.184 

1 .1550 

3.985 

1 .853 

2.455 

0.273 

0.139 

0.427 

10 

0.226 

1.1395 

3.901 

1 .816 

2.452 

0.169 

0.139 

0.428 

11 

0.279 

1.1168 

3.707 

1 .769 

2.432 

7.909 

0.141 

0.436 

12 

0.545 

1.0259 

3.473 

1 .621 

2.223 

7.318 

0.140 

0.432 

15 

0.425 

0.8959 

2.946 

1 .351 

1.915 

6.215 

0.144 

0.449 

14 

0.524 

P.6626 

2.249 

1 .006 

1 .438 

4.693 

0.141 

0.440 

IS 

0.647 

0.4549 

1.367 

0.621 

0.939 

2.947 

0.140 

0.469 

16 

0.797 

0.2556 

0.747 

0.348 

0.507 

1 .602 

0.147 

0.462 

17 

0.984 

0.091 7 

0.50 5 

0.174 

0.195 

0.673 

0.136 

0.399 

10 

1.214 

-0.0125 

0.048 

0.072 

0.043 

0.163 

-0.076 

-0.211 

DISPLACEMENT 

THICKNESS 

I 0.973 CM. 

MOMENTUM THICKNESS = 0.673 

CM. 

DELTA 99 s ! 

MOMENTUM THICKNESS REYNOLDS NO. = 

6234. 

UTAU = 0. 

,508 M/'SEC 


UPU £ 14 


OUTPUT NONOIMENSIONALIZEO ON HALL VELOCITY 


PT 

1 

Y/OEL 

OV/UPWS 

USO/UPWS 

VSQ/UPWS 

HSO/UPWS 

Osq/UPMS 

0.034 

0.00123 

0.00553 

0.00211 

0.00363 

0.01127 

2 

0 040 

0.00121 

0.0052 : 

0.00200 

0.00546 

0.01067 

3 

0.052 

0.00121 

0.0051 7 

0.00196 

0.0031 1 

0.01024 

4 

0.064 

0.00122 

0.00489 

0.00191 

0.00502 

0.00982 

5 

0.079 

0.001 25 

0.00479 

0.00194 

0,00292 

0.00965 

6 

0.098 

0.00127 

0.004: 7 

0 .00200 

0.00283 

0.00960 

7 

0.121 

0.001 30 

0 . 0041.9 

0.00200 

0.00285 

0.00954 

8 

0.149 

0.00129 

0.00.* ’i 

O 

o 

o 

o 

0.00284 

0.00961 

9 

0.184 

0.001 33 

0.004t3 

0.00211 

0.00282 

0.00951 

10 

0.226 

0.001 31 

0 . 00.<48 

0.00209 

0.00282 

0.00959 

1 1 

0.2 79 

0.00128 

0.00426 

0.00203 

0.00280 

0.00909 

12 

0.345 

0.001 16 

0.00399 

0.00186 

0.00256 

0.00841 

13 

0.425 

0.00105 

0.00359 

0.00155 

0.00220 

0 .00714 

14 

0.524 

0.00076 

0,00258 

0.00116 

0.00165 

0.00559 

15 

0.647 

0.00050 

0 , 00159 

0.00071 

0.00108 

0.00339 

16 

0.797 

0.00027 

0 , 00086 

o.ooo.*o 

0.00058 

0.00184 

1 7 

0 . 98.* 

0.0001 1 

0.00055 

0.00020 

0.00022 

0.00077 

18 

1.214 

-0.00001 

0.00006 

0.00008 

0.00005 

0.00019 



ANISOTROPY 
0.024 
0.026 
0.020 
0.051 
0.035 
0.055 
0.037 
0 056 
0.039 
0.059 
0.040 
0.059 
0.042 
0.040 
0.044 
0.045 
0.037 
0.012 

>.204 cn. 
.90 H/SEC 
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SECOND EXPT. 


REYNOLOS stresses at STH. 17. S = 16A.67 CM. 


OUTPUT HOfiniMENSIOHALI7ED ON FRICTION VEIOCITY 


PT 

Y/OEL 

UV/UTSD 

USq/UTSq 

1 

0.033 

t .0267 

A. 669 

2 

0. 039 

1 .03h6 

A. 537 

3 

0.050 

1 .0357 

A. A 79 

A 

0.062 

1 .0A36 

4.292 

5 

0.0 76 

1.0557 

A. 332 

6 

0.09A 

1 . 0 73A 

4.253 

7 

0.116 

T .0897 

4 . 2 7m 

8 

0. IA3 

t . n AA 

4.153 

9 

0.177 

t .131 3 

4.099 

TO 

0.218 

1 . 1A57 

A. 037 

n 

0.269 

T .1355 

3. 9mm 

12 

0. 352 

1 .0706 

5.622 

13 

0.909 

0 . 96 9h 

3.233 

TA 

0.505 

0.7757 

2.619 

15 

0.623 

0.5718 

1 . 777 

16 

0.768 

0 . 7 7AA 

0 . 9mm 

17 

0.9A7 

0.0978 

0. 3 7A 

18 

1 .169 

-0.0180 

0.060 


OISPLACEHENT THICKNESS - 0 . 9^5 CM. 


VSaUTSQ 

wsa/uTsq 

Q597UTSD 

1.721 

2.919 

9.329 

t .656 

2.770 

8.963 

1 .636 

2.687 

8.803 

1 .660 

2.573 

8.526 

1 ,67A 

2.55m 

3.540 

1 .699 

2.50b 

8.A58 

1.729 

2.A90 

8.A98 

1 . 765 

2.A71 

8.A09 

1 . 791 

2. A 72 

6.362 

1 . 78 7 

2.A40 

0.26A 

1 .776 

2. A1 7 

8, 1 37 

1 .669 

2.337 

7.627 

1 .467 

2.091 

6.851 

1 .205 

1 .697 

5.521 

0.780 

1 .160 

3.7' 7 

0.A76 

0.609 

1 .980 

0.195 

0.222 

0.790 

0.065 

0.0mm 

0.189 


MOMENTUM THICKNESS ^ 0.696 


A 

SHEAR CORR 

ANISOTROPY 

o.tto 

0.361 

0.024 

0.115 

0.377 

0.027 

0.118 

0.383 

0.028 

0.122 

0.391 

0.030 

0.123 

0.391 

0.030 

0.128 

0.401 

0.033 

0.123 

0.401 

0.033 

0.133 

0.409 

0.035 

0.155 

0.418 

0.037 

0.138 

0.426 

0.038 

0. 1 39 

0.428 

0.039 

0. lAO 

0.435 

0.039 

0. lAt 

0.439 

0.040 

0. 1 AO 

0.436 

0.039 

0. 1A0 

0.4A3 

0.039 

0.139 

0.452 

0.058 

0. 12A 

0.363 

0.031 

-0.095 

-0.251 

0.018 


DELTA 99 = 5. 90S CM. 


momentum THICKNESS RE1NOLDS NO. - 69 Jl. 


UTAU - Q.StO M, SEC 


L)PW = 1A.96 M/SEC 


OUTPUT HONOIMENSICNA1.IZEO ON WALL VELOCITY 


PT 

y/DEL 

1 

0.033 

2 

0,039 

3 

0 .050 

4 

0. 0b2 

5 

0 . 0 76 

6 

0.04A 

7 

0.116 

8 

0 . 1 A 5 

9 

0.177 

10 

0.218 

11 

0.269 

12 

0. 332 

13 

0 . A09 

14 

0.505 

IS 

0.623 

16 

0 . 768 

1 7 

0.9m 7 

18 

1.169 


•••ERROR-** 


uv/urw5 
0.00! 19 
0 . 00! 00 
0.00100 
0.001 01 
0.00100 
0.031 OS 
O.GOlOo 
0.0010'^ 
0.03131 
0 . OQt 53 
0.001 51 
0 . C 3 1 0 
0.00110 
0 . 000 .-o 
0 . 000!. 1 
0. 030 50 
0. 0031 1 
-0 . COOJO 
END 01 1 UF 


UEQ.UFr;S 
0.00 S.4C. 
0 . 0 0 S 0 6 

o.ocsco 
0 . 00‘« =8 
0 . COSO 5 
0.009'35 
0 . 00*496 

0 . 0 0 *4 8 0 
0 . 0''-4 ,-o 
0 . 00-.!>.5 
0. OC-.SO 
0 OC-03 
0 CC5.S1 
0 . 03 50-4 
0 .0003- 
0 . 00 1 0 ■> 

C -00C-.5 
0 . 0C30 ; 
FIjOVN'I phi 


VSQ UFW5 
0.00000 
0 . 00 1 0.0 
0 . 00 I 90 
0 . C 0 1 9 5 
0.001 9 4 
0.00 I 90 
0 . OOOOl 
0.0000 ’ 

0 . 0003H 

o.ccooo 
0 ■ .'0 0 0s 
0 . t.i I 9-, 
0.00 1 '5 

0 . 031-40 

0 . COO'JO 
0 . OOO-^O 
0-00 .' \ 

0 0 0 fit 0 
ON UNIT 5 


WST/UFWS 
0 .00 M9 
0.00331 
0.00510 
0.00093 
0 . 0009-4 
0.00091 
0 . 00090 
0 . 00080 
0 . 00087 
0.00083 
0 00080 
0.00071 
0 . 000-4 3 
0.00197 
0 001 5S 
0 . 0 0 C 7 1 

0.000,’t- 

0 . c 0 0 0 s 

i“M cont 


QSS/UPWS 
0.01052 
0.010-40 
0.01001 
0-00989 
0 . 00991 
0 . 00981 
0.00936 
0.00975 
0 . 00970 
0 . 00959 
0 .009 ,4 
0 . 00335 
0 . 00796 
0 . 006-40 
0 . 00-4 51 
0 . 007 30 


0. 00097 
0 . 00077 


PRCCPAM WAS EKfruTr'-:.' LINf 
STAIEMENtS KECUTfD- 7670 


8 !M ‘■'..'jflNr M, PRCG W'UN TERMINATION OCCURRED 


CORE USAGE 


08.11 CT aTif : 


5997 Bl II . .IRp.It AR! A 


2037 BITES, tOTAl AREA AVAILABLE^ 


1A7A56 BYTES 


I 



f; 


SECOMO EXPT. , STN. 5« S » -29.04 CM. 


PT 

T/DEL 

UAJPM 

1 

0.013 

0.429 

2 

0.024 

0.540 

3 

0.035 

0.579 

4 

0.Q4S 

0.603 

5 

0.063 

0.634 

6 

0.077 

0.653 

7 

0.09J 

0.676 

6 

0.113 

0.694 

9 

0.139 

0.714 

10 

0.172 

0.738 

1 1 

0.211 

0.762 

‘2 

0.260 

0.788 

'3 

0.321 

0.615 

14 

0.395 

0.646 

15 

0.466 

0.879 

16 

0.601 

0.914 

1 7 

0.742 

0.952 

18 

0.915 

0.983 

19 

1 . 126 

1.000 

20 

1 . 391 

1.001 

21 

1 .716 

1.000 


UCALC 

VE16PA0 

0.434 

9.912 

0.532 

6.846 

0.581 

2.689 

0.604 

1.908 

0.634 

1.451 

0.654 

1.417 

0.676 

1.200 

0.694 

0.7S6 

0.714 

0.751 

0.738 

0.679 

0 762 

0.571 

0. 783 

0.484 

0.615 

0.426 

0.646 

0.3"5 

0.679 

0.327 

0.914 

0,295 

0.952 

0.235 

0.963 

0.150 

1.000 

0.035 

1 .001 

-0.008 

1 .000 

0.000 


PT 

Y/DEL 

UCAL/UP 

VELGPAO 

1 

0.091 

0.673 

1 .272 


0.112 

0.693 

0.789 

5 

0.138 

0.713 

0.751 

4 

0.170 

0.737 

0.667 

5 

0.210 

0.761 

0.572 

6 

0.239 

0.768 

0.466 

7 

0.320 

0.615 

0.426 

3 

0.395 

0 . 646 

0.395 

9 

0.487 

0.879 

0.327 

10 

0.600 

0.914 

0.295 

' 1 

0.7h1 

0.952 

0 

r> 

12 

0.914 

0.903 

0.130 

1 3 

1.126 

1 .000 

0.035 

14 

1 . 391 

1 .001 

-0.003 


mx LN/DEL 
0.0514 
0.0505 
0.0530 
0.0572 
0. 0676 
0.0772 
0.0353 
0.0571 
0. 0764 
0.0959 
0.0970 
0.1162 
0 . 2446 
Q.OOQO 


PROD 
31 .41 
19.39 
18.44 
16.42 
13.24 
10.57 
6.71 
7,21 
5.04 
5.52 
1 .66 
0.h6 
0.04 
0.00 


L/LO 
0.646 
1.101 
0.937 
0.620 
0.795 
0.903 
1 .004 
1.024 
1.135 
1.105 
1 . 141 
I .363 
2.676 
0.000 


RIC 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 


BETA 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

c.o 

0.0 

0.0 


EO.RE 

69.74 

143.73 
150.89 
160.60 
166.62 
206.60 

221 .73 
213.65 
217.55 
186.40 
157.16 
126.02 
1h6. 39 

0.00 


1 

] 

1 


i 
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SECOND 

EXPT. , 

STN. 6, S= 

0.00 CM. 


PT 

Y/OU 

u/urw 

UCALC 

VELGSAO 

1 

0.003 

0.116 

0.111 

8.199 


0.005 

0.129 

0.137 

22.638 

3 

0.007 

0 205 

0.209 

90.997 

4 

0.009 

0.269 

0.286 

38. 722 

5 

0.020 

0.993 

0.99S 

8.193 

6 

0.030 

0.558 

0 . 558 

9.296 

7 

O.OhO 

0.591 

0.59! 

2. '09 

8 

0.053 

0.631 

0.631 

1 . 709 

9 

0.0 72 

0.651 

0.651 

1 . 307 

10 

0.089 

0,673 

0.673 

1 .229 

1 1 

0.109 

0.6‘^5 

0.695 

0.979 

1 2 

0. 1 35 

0.716 

0.718 

0.893 

1 3 

0.186 

0 . 793 

0 . r-,3 

0.720 

19 

0.2C6 

0.767 

0 . 7b7 

0.635 

IS 

0.25i 

0 . . 

0 . 792 

0 . 609 

' 6 

0.313 

3.820 

0 . 62 0 

0 . ■* 30 

1 7 

0 . 3?b 

0.6 (9 

0 .C'<9 

0.370 

10 

0.977 

0.881 

0.631 

0.332 

19 

0 . 528 

G.915 

0.915 

C.279 

20 

0.726 

0.9,9 

0 . 9.,9 

0.217 

21 

0.6 '6 

0.980 

0.930 

0.195 

22 

1.105 

1 .000 

1 . 000 

0 . 09-I 

23 

1 . 3o6 

1 .COO 

1 .000 

0.000 


PT 

T/OEL 

UCAL/UP 

VELC-OAD 

MIX LM./DEL 

PPCD 

L/LO 

file 

BETA 

ED. PE 

1 

0.0-7 

0.sC9 

r . 7"tO 

0.012s 

75.-9 

0.705 

0.0000 

0.0 

26.17 

■S 

0 . ObO 

C .'•3, 

1 .591 

0.0185 

51.19 

0.780 

0.0000 

0.0 

36.32 

3 

0.0 72 

0.s51 

1 . 307 

0.0229 

93.19 

0.789 

0.0000 

0.0 

97.97 


0.089 

0.673 

1 .229 

o.o:‘.3 

90 . 39 

0.670 

0.0000 

0.0 

50.79 

5 

0.110 

0 . 

C 3 

0 . 0 'O'; 

31 . -a 

0.667 

0.0000 

0.0 

69.70 

6 

0.135 

0. 71? 

0,2.3 

0. O' 65 

2 7. -JO 

0.692 

0.0000 

0.0 

79.60 

7 

0. lo7 

0 . 7m ** 

0. 712 

0.Cm09 

22.26 

0.598 

0.0000 

0.0 

33.93 

a 

0.20s 

0.7s7 

0.536 

0 .0!'59 

16.59 

0.6 '3 

o.ccoo 

0.0 

1 C > . 60 

<) 

0.2 5-. 

0 . '/ ■■2 

0.60* 

0.066b 

t ‘4 . *> 3 

0,653 

o.cocc 

0.0 

10-3. 72 

10 

0.31- 

o.e.o 

0 . H 36 

0.062'1 

11.82 

C. 730 

0.0000 

0.0 

117.77 

1 1 

0.3’7 

0 CmO 

0 3V0 

0 . 0683 

8.82 

0.6' 0 

0.0000 

0.0 

'22.5- 

12 

0 -78 

0 . 8 : 1 

0.532 

0.0713 

6 . C6 

0.639 

0.0000 

0.0 

116.10 

I 3 

0.539 

0.9'5 

0.273 

o.c ■;o 

9.73 

0.«0s 

0 . 0000 

0.0 

1 15.69 

1h 

0 . 7 

0 . 

0.„1 7 

0.06-2 

2 .65 

0 993 

o.cooo 

0.0 

107.59 

16 

0 .39c 

0 . 0 

0.1-5 

0 . or - 6 

0 .S'5 

1 .0-1 

o.ocoo 

0.0 

79.77 

16 

1,10s 

1 . 000 

O.Om-4 

0 . i 6 1 0 

0.07 

1 . 7 76 

0.0000 

0.0 

6 9 .'O 

1 7 

1 , 3s- 

1 .cco 

' c . 0 : : 

-0.0 39.* 

0.00 

• ««*« 

0.0000 

0.0 

'2.29 


^50 





i 

1 



1 

i: 

I 

j 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 

1 


SECOND 

EXPT. , 

5TN. 7, S* 

10.39 CM. 


PT 

Y/DEL 

U/UPM 

UCALC 

VELGPAO 

1 

0.010 

0 . 395 

O.hOO 

13.929 

W 

0.01S 

0.505 

0.997 

9.567 

3 

0.0C6 

0.597 

0.599 

9.308 

4 

0.039 

0.579 

0.576 

2.830 

5 

0.0<*7 

0.610 

0.609 

2.251 

6 

0.056 

0.631 

0.631 

1 .875 

7 

0.070 

0.f53 

0.653 

1 .579 

S 

0.085 

0.6~2 

0.672 

1.018 

9 

0.105 

0 .tjS9 

0.689 

0.829 

!0 

0.129 

0.709 

0.709 

0.792 

' I 

0.159 

0.727 

0.727 

0.561 

4 ^ 

0.1 

0. 7s8 

0. 7h8 

0.527 

'3 

0.292 

0.770 

P.770 

0.931 

<9 

0.208 

0 . 79 ; 

0 . 70 ; 

0.382 

15 

0 . 3t8 

0.617 

0.S1 7 

0.328 

l6 

0.953 

t 

0 

0. 5-*3 

0.275 

1 7 

0.559 

0 5 

0.863 

0.195 

'5 

O.frOO 

o.f ■=; 

0.082 

0.000 

• 3 

0.S51 

0.676 

0-876 

0.03-* 

.0 

1 .C-.9 

0 . 699 

0 . 899 

0.057 


1 .295 

0 . 8*8 

0.373 

-0.129 

*• ^ 

1 .598 

0.85. 

0.852 

0.000 


PT 

Y .It L 

UCU UP 

VELGHAO 

MIX LN/DEL 

PROD 

U/LO 

RIC 

BET* 

ED. PE 

t 

0 . 0 '6 

0 c M 


0.0119 

53.29 

0.868 

0.0998 

2.9 

36.83 

<9 

0 . 0 -t 3 

O.eOO 

2 37 

0.0129 

99.97 

0.765 

0 . 0 bl 9 

9.6 

38. 77 


0.056 

0 . 6. '8 

1 .£37 

0.0160 

29.99 

0.709 

0.0708 

9.1 

99.97 

•4 

0 . 0 o 9 

0 . t 1 

1 .627 

0.0179 

22.09 

0.618 

O.OS 99 

9.5 

“ 5.67 

5 

0 . P 6 >* 

0 . 6*1 

1 . 099 

0.0253 

12.03 

0.736 

0.1399 

2.0 

62.07 

fr 

0 . 12 * 

0.62 5 

0.629 

0.0297 

7.96 

0.697 

0. 1 731 

1 .3 

67.55 

7 

0 . 12 - 

0 . '29 

0 . 792 

0.0331 

7.19 

0.627 

0.1960 

4 \* 

75 . 7 ; 

3 

0.159 

0.727 

0.561 

0.0397 

9.23 

0.603 

0.2621 

1 .5 

31 . 99 

Q 

0 . 1 9 » 

0 . 7 'y 5 

0.527 

0.0903 

3.57 

0.502 

0 . 2 C 99 

1 . 7 

79.56 

1 0 

0 . 2-.2 

0 . 7*0 

0.931 

0 . 0966 

2.98 

0.598 

0.3520 

1 . 3 

£6 .£5 

1 1 

0 . 2«3 

0 . 7 

0 . 3:2 

o.oss: 

1 . 78 

0.567 

0.9030 

1 . ' 

82 50 

1 2 

C .368 

0.81 ' 

0 . 326 

0.0506 

1.17 

0.595 

0.9738 

0. 9 

77.93 

1 3 

0 .-y 53 

0 . 8.3 

o .:*5 

0 

0 

CrA 

0.70 

0.626 

0.5668 

0 . 7 

72 . 39 

1 H 

0 .550 

0 . 8 *. 6 

0 . 1'.5 

0.0603 

0.25 

0.710 

0.7707 

0.9 

66 . Oo 

'5 

0.690 

0 . 6 :; 

0.000 

31 .9072 

- 0.09 


3.8296 

* 96.3 


1 6 

0.851 

0 . 8 't- 

0.039 

0 . 0608 

- 0.01 

0.951 

2 . 2 £ 0.3 

0 . 0 

20 . 56 

1 7 

1 . 0-»9 

C . 6 ’ 3 

0.057 

0.0000 

0.00 

0.000 

1 .6059 

0.6 

0.00 


1 


1 
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SECOND 

EXPT . , 

STN. 8, S= 

25.19 CM. 


PT 

Y/DEL 

U/UPW 

UCALC 

VELGRAO 

1 

0.011 

0.337 

0.392 

11.395 

2 

0.020 

0.993 

0.935 

8.312 

3 

0.028 

0.983 

0.983 

9.302 

‘t 

0.036 

0.508 

0.510 

2.668 

S 

0.051 

0.593 

0.593 

1.935 

6 

0.063 

0.565 

0.566 

1 .817 

7 

0.076 

0.588 

0.588 

1 .533 

8 

0.093 

0.610 

0.611 

1.268 

9 

0.119 

0.638 

O.o38 

1.197 

10 

0.190 

0.665 

0.665 

0.968 

1 1 

0.172 

0.699 

0.699 

0.805 

12 

0 . 2 1'i 

0.720 

0.720 

0.572 

13 

0.260 

0.795 

0.795 

0.975 

19 

0.321 

0.771 

0.771 

0.385 

15 

0 . 396 

0.793 

0.793 

0.339 

16 

0.9S7 

0.826 

0.826 

0.279 

17 

0.601 

0.859 

0.859 

0.216 

18 

0.792 

0.881 

0.881 

0.165 

19 

0.915 

0.901 

0.901 

0.051 

20 

1 129 

0.697 

0 . 897 

-0.062 

21 

1 .392 

0.877 

0.877 

-0.081 

22 

' .718 

0.852 

0.852 

0.000 


PT 

Y/DEl 

UCAL/UP 

VELGPAD 

MIX LN/DEL 

PROD 

L/LO 

RIC 

BETA 

ED. RE 

1 

0.096 

0.533 

2. 076 

0.0157 

51 . /8 

0.885 

0.0511 

2.3 

38.93 

2 

0.060 

0.560 

1 .828 

0.0170 

91.19 

3.709 

0.0607 

9.8 

90.19 

3 

0.079 

0.585 

1 .610 

0.0189 

32.81 

0.613 

0.0718 

5.9 

91 .96 

9 

0.091 

0.608 

1 .253 

0.0229 

22-63 

0.603 

0.0953 

9.2 

97.87 

5 

0.112 

0.635 

1 .230 

0.0211 

18.63 

0.959 

0.1012 

5.3 

91 .95 

6 

0.138 

0 6^5 

0.970 

0.0290 

1 1 .80 

0.925 

0.1327 

9.3 

92.58 

7 

0.171 

0.693 

0.815 

0.0251 

7.51 

0.358 

0.1636 

3.9 

39.08 

6 

C.21 1 

0.720 

0.572 

0.0300 

3.55 

0.353 

0.2367 

2.7 

39.19 

9 

0.260 

0.745 

0.973 

0.0273 

1 . 66 

0.327 

0.2916 

2.3 

27.79 

10 

3.320 

0.771 

0 . 389 

0.0251 

0.69 

0.296 

0.3639 

1.9 

18.92 

1 1 

0.395 

0.798 

0.390 

0.0159 

0.17 

0.181 

0.9177 

2.0 

6.19 

12 

0.987 

0 . 626 

0.279 

0.0250 

-0.23 

0.295 

0 5', 10 

1 .9 

13.31 

13 

0.601 

0.859 

0.216 

0.0985 

-0.39 

0.570 

0.651 1 

0.7 

38.60 

19 

0.792 

0.831 

0.163 

0.0779 

-0.29 

0.916 

0.8336 

0 1 

75.31 

15 

0.915 

0.901 

- .051 

0.2109 

O.M 

2.981 

1.7789 

-0.8 

173.29 

16 

1.129 

0.697 

-0.062 

-0.0526 

0.09 


«««*«* 

0.0 

-13.13 

17 

1 .392 

0,877 

-0.081 

-0.0135 

-c.oo 

«««»« 


C.O 

-1.13 



SECOND EXPT., STN. 9. S= 91. CM 


j 

t 


PT Y/OEL UAiPM UCALC VELGRAO 

1 0.010 0.312 0.317 11.292 

2 0.019 0.917 0.909 fi.097 

3 0.027 0.959 0 95S 9.009 

9 0.U35 0.978 7.980 2.915 

5 0.099 0.507 0.508 1.868 

6 0.060 0.529 0.529 1.828 

7 0.073 0.551 0.551 1.532 

8 0.089 0.573 0.573 1.336 

9 0.110 0.601 0.601 1.313 


10 

0.135 

0.632 

0.632 

1.182 

11 

0.166 

0.665 

0.665 

0.919 

12 

0.209 

0.6<59 

0.699 

0.689 

13 

0.251 

0.725 

0.725 

0.577 

19 

0.309 

0.753 

0.753 

0.931 

15 

0.362 

0.783 

0.785 

0.366 

16 

0.970 

0.810 

0.810 

0.289 

17 

0.530 

0.691 

0.891 

0.259 

Id 

0.715 

0.670 

0.870 

0.190 

19 

0.882 

0.695 

o.e^s 

0.091 

20 

1 .088 

0 397 

0.8v7 

-0.052 

21 

1 .393 

0.877 

0.877 

-0.087 

*• W 

1 .657 

0.852 

0.652 

0.000 


PT 

Y/DEL 

UCAL/UP 

VELGRAD 

MIX LN/DEL 

PROD 

L/LO 

RIC 

! 

0.099 

0.999 

1.907 

0.0167 

52.17 

0.992 

0.0539 

2 

0.058 

0.525 

1.856 

0.0169 

96.31 

0.709 

0.0582 

3 

0. 071 

0.597 

1.588 

0.0185 

36.85 

0 695 

0.0707 

4 

0 CS7 

0.570 

1 .331 

0.0211 

27.92 

0.595 

0.0679 

5 

0.108 

0.598 

1.325 

0.0199 

29.33 

0.950 

0.0921 

b 

0. 1 33 

0.630 

1.190 

0.0209 

16.98 

0.375 

0.1079 

7 

0.165 

0 . 669 

0.932 

0.0238 

11.78 

0.352 

0.1933 

3 

0.205 

0.699 

0.689 

0.0283 

6.59 

0.396 

0.2006 

9 

0..251 

0.725 

0.577 

0.0299 

9. 16 

0.352 

0.2951 

10 

0.309 

0.753 

0.951 

0.0559 

2.28 

0.91 7 

0.3329 

1 1 

0.381 

0.762 

0.368 

0.0365 

1 .99 

0.930 

0.3965 

1 2 

0.970 

0.810 

0.289 

0.0387 

0-71 

0.955 

0.5067 

13 

0.560 

0.84 1 

0.259 

0.0267 

0.21 

0.319 

0.5833 

14 

0.715 

0.870 

0.190 

0.0181 

-0.03 

0.213 

0.7615 

15 

0.682 

0.895 

0.091 

0.0726 

0.00 

0.856 

1 . 3259 

1 6 

1 .089 

0.807 

-0.053 

-0.0652 

0.05 

««*«» 

«««»«» 

17 

1.393 

0.877 

-0.087 

0.0000 

0.00 

0.000 

«•«««» 


BETA 

ED. RE 

0.2 

90.96 

5.0 

37.98 

5.0 

91 .58 

9.6 

95.22 

6.0 

39.90 

5.6 

37.85 

9.5 

90.17 

3.3 

95.23 

2.6 

39.92 

1 .8 

91.17 

1 .9 

37.95 

1,1 

32.91 

1 .2 

13.77 

1.0 

9.73 

0.1 

36.56 

0.0 

-1 7.05 

0.0 

0.00 


263 


SECOND EXPT., STN. 10, S = 61.72 CM 


U/UPM 

0.309 

0.909 

0.9<<8 

0.972 

0.501 


UCALC 

0.319 

0.901 

0.998 

0.979 

0.502 




0.520 

0.520 

7 

•v 

0.558 

0.533 

6 

088 

0.558 

0.558 

9 

.108 

0.533 

0.533 

1 0 

0.133 

0.613 

0.613 

1 1 

0.165 

0.697 

0.697 

1 Z 

0.201 

0 .680 

0,660 

1 3 

0.297 

0.719 

0,719 

19 

0.309 

0 .793 

0 .798 

15 

0.376 

0.777 

0.777 

16 

0.963 

0.805 

0.805 

1 7 

0-571 

0.835 

0.835 

13 

0.709 

0.869 

0.869 

1 9 

0.868 

0.892 

0.892 

tO 

1 .07h 

0.897 

0.897 

21 

1 .521 

0.877 

0.877 

22 

1 .631 

0.651 

0.851 


Y/DEL 
0 .099 
0.057 
0.070 
0.066 
0.106 
0. 131 
0.162 
0.200 
0.297 
0.309 
0.375 
0.9<j2 
0.571 

0 . '09 
0.266 

1 .071 
1 .321 


UCAL/UP 
0.999 
0.51 7 
0.535 
0.555 
0.58! 
0.6M 
0 . 696 
0.6S0 
0.719 
0.793 
0.777 
0.605 
0.635 
0. 0o9 
0.672 
0.367 
0.877 


VELGRAO 

1 

1 .598 
1 .323 
1.292 
1 .260 
1 .175 
1 .026 
0.799 
0.673 
0 .h96 
0 . 350 
0.306 
0 . 297 
0.200 
0.109 
-0.092 
-0.092 


VELGRAO 
1 0 . 599 
7.890 
9.299 
2.586 
1.786 
1.505 
1 .299 
1 .250 
1 .251 
1.172 
1.017 
0.796 
0,673 
0 .996 
0.399 
0.305 
0.297 
0.200 
0.109 
-0 . 099 
-0.092 
0.000 


MIX LN/OEL 
0.0153 
0.0189 
0.0211 
0.0216 
0.0209 
0.0205 
0.0213 
0.0236 
0.0229 
0.0292 
0.0282 
0.0280 
0.0272 
0 . 0331 
0.0559 
-0.0623 
-0.0525 


PROD 

L/LO 

RIC 

98.58 

0.906 

0.0552 

39.99 

0.609 

0.0696 

28.57 

0 . 799 

0.0890 

29.62 

0 .615 

0.0°27 

22.88 

0.969 

0.0959 

18.73 

0 .363 

0.1073 

15.23 

0.320 

0.1291 

7.53 

0.268 

0.1729 

9. 12 

0.269 

0.2127 

1 . 75 

0.265 

0.2999 

0.75 

0.332 

0.9195 

0-97 

0.329 

0.9872 

0.21 

o 

o 

0 - 1?050 

0.19 

0.390 

0.7372 

0.01 

0.^17 

1.1857 

0 .03 

««««■« 

•««««• 

-0.12 




ED. RE 
35.21 
90.99 
95.55 
99.77 
90 .99 
33.95 
35.93 

39.62 
27.36 

22.62 
21.59 
13.51 
19.18 
17.05 
10.65 

-12.77 

-19.52 


?64 




! 


I 


I 


i 

SECOIO 

EXPT . . 

8TN. 12, S= 

88.47 

i 

1 

PT 

Y/DEL 

U/UPM 

UCALC 

4 

1 

0.010 

0.310 

0.315 


2 

0.019 

0.409 

0.401 

, . 

3 

0.027 

0.445 

0.446 


4 

0.035 

0.468 

0.470 

1 

5 

0.048 

0.492 

0.493 


6 

0.059 

0.506 

0.508 


7 

0.072 

C.525 

0.525 


8 

0.068 

0.546 

0.546 


4 

0. 1C8 

0.567 

0.567 


10 

0.133 

0.597 

0.597 


1 1 

0.164 

0.633 

0.633 


12 

0.202 

0.668 

0.668 


13 

0.248 

0.714 

0.714 


14 

0.306 

0.761 

0.761 


15 

0.377 

0.808 

0.608 


16 

0.464 

0.651 

0.851 

* 

17 

0.573 

0.890 

0.690 


18 

0. 706 

0.932 

0.932 


19 

0.671 

0.975 

0.975 


20 

.074 

0.099 

0.999 


21 

1 .325 

1 .001 

1 .001 


22 

1 .636 

1 .000 

I .000 


PT 

Y/DEL 

UCAL/UP 

VELGRAO 

1 

0.037 

0.474 

2.063 

2 

0.044 

0 . 426 

1 .586 

3 

C 057 

0.505 

1.367 

4 

0.070 

0.523 

1.318 

5 

0.066 

0.545 

1 .216 

6 

0.107 

0.566 

1 .075 

7 

0.132 

0.596 

1 .236 

8 

0. i63 

0.632 

1.042 

9 

r .200 

0.666 

0.926 

10 

0.247 

0.71 3 

0.953 

1 1 

0.505 

0 760 

0.723 

12 

0.376 

0.807 

0.590 

1 5 

0.464 

0.S51 

0.415 

14 

0.572 

O.S'^O 

0.327 

15 

0.706 

0.932 

0.302 

10 

0.671 

0.975 

0.201 

17 

1 .075 

0 . 999 

0.049 

13 

1.526 

1.001 

-0.009 


VELGRAO 
10. J99 
7.668 
J.965 
2.Z62 
1 .97J 
1 .350 
1,323 
1.176 
1 .087 
1.235 
1 .030 
0.939 
0.951 
0.722 
0.583 
0.415 
0.326 
0.302 
0.201 
C.050 
-0.009 
0.000 


niX LN/OEL 

PROO 

L/LO 

RIC 

BETA 

ED. RE 

0.0165 

69.06 

1.216 

0.0000 

0.0 

41.69 

0.0212 

52.20 

1 .264 

0.0000 

0.0 

53.17 

0.0248 

45.54 

1.096 

0.0000 

0.0 

62.56 

0.0261 

45.11 

0.922 

0.0000 

0.0 

66.72 

0.0284 

41.98 

0.809 

0.0000 

0.0 

72.67 

0.0325 

37.97 

0.741 

0.0000 

0.0 

84.37 

0.0282 

43.51 

0.521 

0.0000 

0.0 

73.09 

0.0325 

24.48 

0.486 

0.0000 

0.0 

61.62 

0.0343 

27.05 

0.418 

0.0000 

0.0 

60.97 

0.0295 

22.16 

0.347 

0.0000 

0.0 

62.03 

0.0326 

1 1 .62 

0.383 

0.0000 

0.0 

57.02 

0.0321 

6.15 

0.378 

0.0000 

0.0 

45.33 

0.0381 

3.00 

0.446 

0.0000 

0.0 

44.74 

0.0426 

1 .85 

0.504 

0.0000 

0.0 

44.54 

0 . 0434 

1 .50 

0.510 

0.0000 

0.0 

42.24 

C .0527 

0.65 

0.620 

0.0000 

0.0 

41 .53 

0.0000 

0.00 

0.000 

0.0000 

0.0 

0.00 

-0.0993 

0.00 

«««*• 

0.0000 

0.0 

-6.60 


i 


I 
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SECOND 


PT 

1 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

19 

15 

16 
17 
IS 
19 
CO 
Cl 

C i. 

23 


pr 

1 

2 

3 

9 

6 

6 

7 

8 
9 

10 

11 

12 

13 

19 

15 

16 

17 

18 





EXPT.. STN. 13i S= 103.97 CM. 


y/DEi. 

U/UPW 

0.010 

0.319 

0.018 

0.920 

0.026 

0.957 

0.039 

0.977 

0.098 

0.505 

0.058 

0.520 

0.071 

0.536 

0.087 

0.S59 

0.107 

0.576 

0.131 

0.600 

0.161 

0.628 

0.199 

0.661 

0.295 

0.700 

0.301 

0.797 

0.372 

0.798 

0.958 

0 . 899 

0.565 

0.688 

0.697 

0.930 

0.659 

0.971 

1 .060 

0.998 

1 .307 

1 .001 

1 .613 

1 .000 

1 .839 

1 . 000 


UCALC 

VEL6RAO 

0.329 

12.119 

0.912 

8.608 

0.956 

3.638 

0.979 

2.059 

0.505 

1 .699 

0.520 

1.362 

0.536 

1 .156 

0.559 

1.112 

0.576 

1.058 

0.600 

0.962 

0.628 

0.900 

0.661 

0.850 

0.700 

0.852 

0.797 

0.802 

0.793 

0.628 

0.899 

0.965 

0.688 

0.362 

0.930 

0.288 

0.971 

0.206 

0 . 998 

0.065 

1.001 

-0.010 

1 .000 

0.000 

1 .000 

0.000 


I 

I 

I 

I 

I 

I 

1 


Y/DEL 

UCAL/UP 

VELGRAO 

MIX LN/DEL 

PROD 

L/LO 

0.037 

0.935 

1 .973 

0.0173 

69 . 76 

1 . 269 

0 . 0^3 

0.996 

1 . 796 

0.0190 

56.81 

1.158 

0 . 056 

0.517 

1 .919 

0.U290 

96.01 

1.080 

0.06 9 

0 .53h 

1 .171 

0.0291 

38.90 

1 .095 

0 . OCS 

0.552 

1.111 

0 .0309 

36.89 

0.891 

0.105 

0.579 

1 .070 

0.0322 

35.79 

0.799 

0.130 

0.599 

0.969 

0.0358 

32.56 

0.672 

0.160 

0.627 

0.903 

0.0365 

30.76 

0.537 

0.198 

0.660 

0.650 

0.0-*01 

27.69 

0.999 

0 . 

0.699 

0.851 

0 . 0389 

25.57 

0 . ..51 

0.301 

0.797 

0.602 

0.0371 

20.06 

0.937 

0.371 

0 . 797 

0.631 

0.0399 

10.98 

0 . 969 

0.^57 

0.899 

0.966 

0.0929 

5.29 

0.509 

0 . 

0 . 868 

0.362 

0.0967 

2.93 

0.550 

0.696 

0.950 

0,288 

0.0528 

1 .87 

0.621 

0-85'^ 

0 . 971 

0,206 

0.0592 

0.86 

0.696 

1 .059 

0.996 

0.065 

O.C65h 

.03 

0.7e9 

1 .307 

1.001 

-0.010 

-0.1607 

0.00 



RIC 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

o.cooo 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 


BETA 

ED. RE 

0.0 

95.08 

0.0 

99.91 

0.0 

.62.30 

0.0 

75.85 

0.0 

60.62 

0.0 

89.69 

0.0 

99.27 

0.0 

102.29 

0.0 

1 09 . 38 

0.0 

95.56 

0.0 

89.93 

0.0 

79.72 

0.0 

65.29 

0 0 

60.37 

0.0 

61 .15 

0.0 

55.02 

0.0 

21.30 

0.0 

-19.73 
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y 
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i 
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I 
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1 

I 

I 

1 

1 


SECOt© EXPT., STN. t<k, S = 118.95 CM. 


PT 

Y/DEL 

UAJPH 

UCALC 

VELGRAD 

1 

0.010 

0.333 

0.338 

11.868 

2 

0.018 

0.433 

0.425 

8.696 

3 

0.025 

0.469 

0.469 

4.331 

4 

0.033 

0.491 

0.493 

2.173 

5 

0 . 046 

0.516 

0.516 

1 .589 

6 

0.056 

0.532 

0.532 

1 .406 

7 

0.069 

0.548 

0.546 

1 .213 

8 

0.0S4 

0.566 

0.566 

1 .076 

9 

0.105 

0.584 

0.584 

0.926 

10 

0.127 

0.607 

0.607 

0.949 

1 1 

0.156 

0.633 

0.633 

0.636 

12 

0.192 

0.661 

0.661 

0.747 

15 

0.237 

0.695 

0.695 

0.778 

14 

0.291 

0.737 

0.737 

0.732 

15 

0.359 

0.762 

0.782 

0.636 

16 

0.445 

0.834 

0.654 

0.563 

17 

0.546 

0.682 

0.862 

0.369 

16 

0.673 

0.924 

0.924 

0.286 

19 

0.630 

0.9b3 

0.963 

0.213 

20 

1 .024 

0.994 

0.994 

0.094 

21 

1.264 

1 .001 

1.001 

-0.003 

'> 

•. lb 

1 .559 

1 .000 

1 .000 

-0.004 

23 

1.778 

0.999 

0.999 

0.000 


PT 

Y/OEl 

UCAL/UP 

VELGRAD 

MIX LN/DEL 

PROD 

L/LO 

RIC 

BETA 

ED. RE 

1 

0.036 

0.499 

1 . 945 

0.0174 

53.88 

1.304 

0.0000 

0.0 

47.97 

2 

0.042 

0.510 

1 .657 

0.0204 

49.59 

1 .262 

0.0000 

0.0 

55.69 

3 

0 . 054 

0.529 

1 .465 

0.0231 

44.29 

1 .076 

0.0000 

0.0 

63.62 

4 

0.067 

0 . 546 

1.213 

0.0282 

37.39 

1.040 

0.0000 

0.0 

76.29 

5 

0.032 

O.Sb^ 

1.115 

0.0308 

34.63 

0.021 

0.0000 

0.0 

65.65 

6 

0.102 

0.583 

0.922 

0.0377 

29.33 

0.903 

0.0000 

0.0 

106.32 

7 

0. 12o 

0.606 

0 . 9.52 

0.0366 

30.42 

0.709 

0.0000 

0.0 

103.40 

3 

0.155 

0.652 

0.S41 

0.0417 

27.15 

0.656 

0.0000 

0.0 

116.31 

9 

0. 191 

O.ttO 

0.747 

0.0466 

23.60 

0.595 

0.0000 

0.0 

131 .32 

10 

0.236 

0.69« 

0.777 

0.0438 

23.59 

0.515 

0.0000 

0.0 

120.53 

1 1 

0.291 

0. 7,57 

0.732 

0 . 0446 

20.54 

0.525 

0.0030 

0.0 

118.15 

12 

0.359 

0. T..: 

0.636 

0.0464 

14.59 

0.546 

0.0000 

0.0 

111.19 

13 

0 . 4-. 2 

0.835 

0.5b5 

0 . 0 *40 

9.19 

0.518 

o.ooco 

0.0 

88.67 

14 

0 . 5^6 

0 . 682 

0 . 389 

0.0S14 

4.06 

0.605 

0.0000 

0.0 

63.25 

15 

0.675 

0 . 92“ 

0.206 

0.0591 

2.14 

0.605 

0.0000 

0.0 

60.89 

16 

0.850 

0. °65 

0.213 

0.0650 

1 .08 

0.764 

0.0000 

0.0 

72.95 

17 

1 . 070 

0 . 993 

0.060 

0.1036 

0.06 

1 .219 

0.0000 

0,0 

52.36 

18 

1 .26“ 

1 . 001 

-O.D03 

- 1 . 2649 

0,00 

«*•««» 

0.0000 

0.0 

-405.03 
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SECOND EXPT., STN. 15, S= 124.79 CM 



PT 

Y/DEL 

U.-'UPW 

1 

0.010 

0.335 

2 

0.018 

0.437 

3 

0.025 

0.473 

4 

0.033 

O .405 

5 

0.046 

0.520 

6 

0.056 

0.536 

7 

0.068 

0.552 

8 

0.083 

0.568 

9 

0.102 

0.583 

10 

0.125 

0.611 

11 

0.154 

0.634 

12 

0.190 

0.661 

13 

0.234 

0.694 

14 

0.288 

0.729 

15 

0.355 

0.772 

16 

0.437 

0.623 

17 

0.540 

0.874 

18 

0.666 

0.920 

19 

0.821 

0.960 

20 

1 .013 

0.992 

21 

1 .249 

1 ,002 

C w 

1 .542 

1.001 

23 

1 .758 

1.000 


PT 

T/DEL 

UCaL/UP 

1 

0.035 

0.501 

2 

0. C4l 

0.512 

3 

0. O''-., 

0.533 

4 

0 . t’6s 

0 . 549 

5 

0 . 091 

0 . 5b6 

6 

0.100 

0 . 566 

7 

0.124 

0.610 

8 

0.153 

0.633 

9 

0.189 

0 . 60 O 

to 

0.233 

0.693 

1 1 

0 . 287 

0. 726 

12 

0-3E5 

0.772 

13 

0.'.37 

0.623 

14 

0.539 

0 .67-* 

15 

0 . 6^., 

0 .«;o 

16 

0.621 

0.960 

1 7 

1.013 

0 .992 

18 

1 .249 

1 .002 


UCALC 

VELGBAO 

0.340 

12.173 

0.429 

6.835 

0 473 

4.306 

0.497 

2.148 

0.520 

1 .600 

0.536 

1 .470 

0.552 

1.192 

0.568 

1 .034 

0.588 

1 .050 

0.611 

0.905 

0.634 

0.742 

0.661 

0.762 

0.6°4 

0.705 

0. 729 

0.628 

0. 772 

0.647 

0.823 

0.574 

0 .874 

0.428 

0 . 920 

0.309 

0 . 960 

0.217 

0.992 

0.105 

1 .002 

0 . 005 

1.001 

-0.006 

1 .000 

0 . 000 


VELC-RAO 

MIX LN/OEL 

1 

0.0173 

1 .692 

0.0204 

1 511 

0.0228 

1 .2-*0 

0.0279 

1,032 

0.033b 

1 .052 

0.0332 

0.917 

0.0384 

0.742 

0.0473 

0. 761 

0.0464 

0. 70® 

0 . 0496 

0.623 

0 ,05-*.* 

0.647 

0.0H96 

0.57-4 

0.0505 

0.429 

0.0560 

0.310 

0 . ObOb 

0.217 

0.0690 

0.105 

0 . 0852 

0.005 

0.66 92 


PROD 
61 .34 

51 . 76 
45.91 
33.19 
1! .78 

32.77 
29.05 
23.3<» 
24.27 
22 . 
18.79 
17.10 
12.36 

6.34 
2.80 
1 .27 
0.22 
- 0.00 


L/LO 
1.334 
1.298 
1.057 
1 .045 
1 .015 
0.810 
0.755 
0.754 
0.593 
0.563 
0 .6m0 
0.581 
0.59-, 
0.659 
0.713 
0.822 
1 .002 
««««« 


RIC 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.3000 


BETA 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


ED. RE 

49.30 
58.04 
64.56 
79.71 

95.76 
95.11 

110.99 
'36.42 
1-4.55 
143.38 

152.99 
130.98 
120.54 

110.76 
93, 73 

67.00 

63.00 

316.30 


I 
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SECOND EXPT., STN. 16, S= 149. <*3 CH 



PT 

Y/DEL 

UAIPW 

1 

0.009 

0.333 

» 

0.017 

0.438 

3 

0.024 

0.476 

4 

0.032 

0.495 

5 

0.044 

0.522 

6 

0.054 

0.538 

7 

0.066 

0.554 

3 

O.OSO 

0.569 

9 

0.099 

0.583 

10 

0.121 

0.607 

1 1 

0.150 

0.630 

12 

0.184 

0.657 

13 

0.227 

0.6S9 

14 

0.280 

0 723 

15 

0.345 

0.764 

16 

0.425 

0.811 

17 

0.525 

0.861 

16 

0.647 

0.913 

19 

0.793 

0 . 956 

20 

0.954 

0.989 

21 

1.214 

1 .002 

A /> 

1 .493 

1 .001 

23 

1 .708 

1 .000 


PT 

Y/DEL 

UCtL/UP 

1 

0.034 

0.502 


0.C40 

0.514 

3 

0.052 

0.535 

4 

0.064 

0.552 

5 

O 

o 

0.568 

6 

0.0°8 

0.587 

7 

0.121 

0.607 

3 

0.149 

0.629 

9 

0.1 8h 

0.657 

10 

0.226 

0.6S8 

1 1 

0.279 

0.722 

12 

0.345 

0 . 764 

13 

0.425 

0.811 

14 

0.524 

0.861 

15 

0.647 

0.913 

16 

0.797 

0.956 

17 

0.®34 

0.909 

16 

1.214 

1 .002 


UCALC 

VELGRAD 

0.338 

12.654 

0.430 

9.131 

0.475 

4.235 

0.498 

2.103 

0.522 

1.792 

0.538 

1 .471 

0.554 

1.186 

0.569 

1 .026 

0.588 

0.937 

0.607 

0.815 

0.630 

0.790 

0.657 

0.785 

0.689 

0.691 

0.723 

0.625 

0.764 

0.622 

0.81 1 

0.546 

0.661 

0.468 

0.913 

0.364 

0.956 

0.228 

0. 9S9 

0.119 

1 .002 

0,013 

1 .001 

-0.008 

1 .000 

0.000 


VELGR70 

MIX LN/DEL 

2.075 

0.0169 

1.930 

0.0160 

1 .525 

0.0228 

1 .230 

0.0283 

T .0'8 

0.0341 

C .945 

0.0376 

0.815 

0.0442 

0 . 789 

0 . 0456 

0.785 

0 . 0464 

0.694 

0.0522 

0 .625 

0.0574 

O.l.22 

0.0551 

0.5-46 

0.0568 

0 . 468 

0.0589 

0.364 

0.0614 

0.228 

0.0721 

0.119 

0.0862 

0.013 

0.2815 


PROD 

65.59 

60.09 
47.28 
58.39 
32.53 
50.70 

27.10 
26.14 
26.69 
23.32 
20.58 
18.79 
14.43 

9.16 
4.67 
1 .59 
0.32 
-0 .00 
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L/LO 

RIC 

1 .342 

0.0000 

1.175 

0.0000 

1 .100 

0.0000 

1 .093 

0.0000 

1 .059 

0.0000 

0.938 

0.0000 

0.891 

0.0000 

0.746 

0.0000 

0.615 

0.0000 

0.614 

0.0000 

0.675 

0.0000 

0.649 

0.0000 

0.691 

0.0000 

0.693 

0.0000 

0.722 

0.0000 

0.848 

0.0000 

1.015 

0.0000 

3.312 

0.0000 


BETA 

ED. RE 

0.0 

50.27 

0.0 

53.26 

0.0 

67.12 

0.0 

83.73 

0.0 

101 .59 

0.0 

113.41 

0.0 

1 34.86 

0.0 

138.70 

0.0 

143.07 

0.0 

159.95 

0.0 

174.11 

0.0 

160.27 

0.0 

159.76 

0.0 

137.74 

y.O 

116.30 

0.0 

100.49 

0.0 

75.01 

0.0 

90.40 




i 


SECOND EXPT., STN. 17. 3= 164.67 CM 






» 


i 


PT 

Y/DEL 

UAIPW 

UCALC 

1 

0.009 

0.343 

0.346 

2 

0.016 

0.446 

0.430 

3 

0.024 

0.401 

0.404 

4 

0.031 

0.503 

0.503 

5 

0.043 

0.527 

0.527 

6 

0.052 

0.543 

0.543 

7 

0.063 

0.557 

0.557 

0 

0.077 

0.573 

0.575 

9 

0.095 

0.593 

0.593 

10 

0.117 

0.612 

0.612 

1 1 

0.144 

0.633 

0,633 

12 

0.177 

0.657 

0.657 

13 

0.219 

0.606 

0.666 

14 

0.269 

0.719 

0.719 

15 

0.332 

0.756 

0 . 758 

16 

0.409 

0.601 

0.601 

17 

0.505 

0.653 

0.853 

10 

0.623 

0.904 

0.904 

19 

0.763 

0,950 

0.950 

20 

0.947 

0.937 

0.937 

21 

1.169 

1 .001 

1 .001 

22 

1 .442 

1 .001 

1 . 001 

23 

1 .644 

1 .000 

1 . 000 


PT 

Y/DEL 

UCAL.-'UP 

VELGPAD 

1 

0.033 

0.5C3 

.'.176 

2 

0.034 

0.520 

1 .637 

3 

0.050 

0.540 

1 .633 

4 

0.062 

0 . 556 

1.179 

5 

0.076 

0.572 

1 . 1 35 

6 

0.094 

0.592 

1 .023 

7 

0.116 

0.611 

0 . 794 

a 

0.143 

0.63' 

0.757 

9 

0.177 

0.657 

0.707 

10 

0.218 

0.6E5 

0.676 

1 1 

0.269 

0.719 

0.645 

12 

0.332 

0.756 

0 . 506 

13 

0.409 

0.601 

0.552 

14 

0.505 

0-653 

0.503 

15 

0.623 

0.904 

0.372 

16 

0.763 

0.950 

0.268 

17 

0.947 

0.937 

0.136 

18 

1 .169 

1.001 

0.016 


VELGRAD 
14.436 
9.691 
3.370 
2.322 
1.010 
1 .533 
1.160 
1.139 
1 .006 
0.793 
0.755 
0.707 
0.676 
0.6h5 
0 . .566 
0.552 
0.505 
0.372 
0.260 
0.136 
0.016 
'0.007 
0.000 


LN/DEL 

PROD 

L/LO 

0.0159 

65.60 

1 .293 

0.0164 

57.31 

1.222 

0.0212 

49.82 

1 .061 

0.0295 

36.11 

1.175 

0.0308 

35.13 

0.992 

0 . 0346 

32.40 

0.698 

0 . 04H6 

25.42 

0.941 

0.0h75 

24 . 76 

0.810 

0.051 3 

23.47 

0.706 

0.0539 

22.71 

0.634 

0.0562 

21 .46 

0.662 

0.0601 

16.43 

0.707 

0.0606 

1.'i.71 

0.715 

0.0595 

1 1 .43 

0 . 70C 

0.0661 

5-70 

0.776 

0.0665 

2.16 

0.782 

0.0783 

0.39 

0.922 

0.2831 

-0.01 

3.331 


RIC 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 


BETA 

ED. RE 

0.0 

48.20 

0.0 

56.1 1 

0.0 

64.70 

0.0 

90.6! 

0.0 

■>4.97 

0.0 

107.63 

0.0 

140.37 

0.0 

150.68 

0.0 

163.82 

0.0 

173.07 

0.0 

179.90 

0.0 

186.90 

0.0 

179.77 

0.0 

157.33 

0.0 

143.55 

0.0 

104.59 

0.0 

73.61 

0.0 

114.14 


] 

1 



I 

J 

I 
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J 


Wall static pressure 


distribution — THIRD EXPERIMENT 


1 

I 

I 

I 

I 

I 

I 

I 

I 

1 


TAP 8 , cm 


0 

-132.08 

1 

- 93.98 

2 

- 63.50 

3 

- 27.31 

4 

- 15.24 

5 

2.54 

6 

7.62 

7 

12.70 

8 

17.78 

9 

22.86 

10 

27.94 

11 

33.02 

12 

38.10 

13 

43.18 

14 

48.26 

15 

53.34 

16 

58.42 

17 

63.50 

18 

68.58 

19 

82.04 

20 

92.20 

21 

98.63 

22 

129.03 

23 

159.51 

24 

189.99 


1 

1 


C 

P 


P - F 

TAP^ 
h p 

pw 


C 

P 


0.004 

.ono 
.008 
.000 
.006 
- .010 

- .009 
.010 
.017 
.015 
.011 
.005 
.C03 
.000 
.010 
.011 
.004 

- .012 

- .016 

.017 

- .004 

- .008 

- .009 

- .003 

- .003 


s ■* 0 at start of curvature 


THIRD EXPT.. STATION 3, S 


-52.71 CM. 


UPM * 14.67 M/SEC 



PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.034 

0 .522 

0.351 

20 . 

11.7 

0.00181 

2 

0.063 

0.614 

0 . 485 

37 . 

13.7 

0.00196 

3 

0 . 089 

0.656 

0 . 554 

53. 

14.7 

0.00198 

4 

0.116 

0.682 

0 . 599 

69 . 

15.3 

0.00197 

5 

0.163 

0.717 

0.663 

97 . 

16. 1 

0. 00196 

6 

0.199 

0.743 

0.711 

1 18. 

16.6 

0.00198 

7 

0.242 

0.767 

0.759 

144 . 

17.2 

0 . 0 020 0 

8 

0.295 

0.793 

0.810 

175 . 

17.7 

0.00201 

9 

0.362 

0.824 

0 . 876 

216 . 

18.4 

0 . 0 020 5 

1 0 

0.445 

0.858 

0.950 

265 . 

! 2 

0.00210 

1 1 

0 . 548 

0.896 

1.036 

326 . 

20 . 1 

0.00217 

1 2 

0.674 

0.935 

1.130 

40 1. 

20.9 

0.00223 

1 3 

0.831 

0.969 

1.214 

494 . 

2 1.7 

0 .00228 

14 

1.023 

0.993 

1 . 275 

609 . 

22 . 2 

0.00227 

1 5 

1.262 

1.000 

1 . 295 

75 1. 

22. 4 

0 . 0022 I 

16 

1.555 

1.000 

1.295 

925 . 

22.4 

0.00212 

17 

1.9 19 

1.000 

1.295 

1142. 

22.4 

0.00203 

DISP . 

THICKNESS 

= 0.208 

CM . 

MOMT . 

THICKESS =0. 

158 CM. 

SHAPE 

FACTOR = 

1.320 

DELTA 

99=1. 

422 CM. 



tlOMENTUn THICKNESS REYNOLDS NO. = 1477. CF/2 = 0.00200 



1 

THIRD 

EXPT. , 

STATION 5, 

5 ■ -34 

.93 CM. 

UPW » 

1 

PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 


\ 

0.028 

0 . 498 

0.320 

20 . 

1 1 . P 

- 

2 

0.051 

0 . 596 

0.457 

36 . 

13.8 

1 

3 

0.072 

0.636 

0.521 

51 . 

14.7 


4 

0.094 

0.658 

0.559 

67 . 

15.2 


c 

0.131 

0.693 

0.620 

93 . 

16.0 


g 

0.160 

0.713 

0 .655 

114. 

16.5 

« 

7 

0.196 

0.737 

0.701 

139. 

17.1 


s 

0.238 

0.761 

0.747 

170 . 

17.6 

/ 

9 

0.292 

0.787 

0.800 

208 . 

18.2 


1 0 

0.360 

0.818 

0.864 

256 . 

18.9 

* 

1 1 

0.443 

0.853 

0 . 940 

3 16. 

19.7 


1 2 

0. 545 

0.890 

1.024 

388. 

20.6 


1 3 

0. 672 

0.930 

1.118 

479 . 

21.5 

<9 

1 4 

0.827 

0 . 968 

1.212 

589 . 

2 2.4 


1 S 

1.020 

0.993 

1 . 275 

727 . 

23.0 


1 W 
1 6 

1 . 257 

0.999 

1 . 293 

895. 

23.1 

1 

1 V 

1 7 

1.551 

I . 000 

1 . 295 

1105. 

23.1 


18 

1.914 

0 . 999 

1 . 293 

1363. 

23.1 

I 

DISP . 

thickness = 0.266 

CM. 

MOMT. 

THICKE5S 

f 

SHAPE 

FACTOR 

= 1.325 

DELTA 

99=1. 

758 CM. 


14 


I 

I 

I 

I 

I 

I 


nOMENTUn THICKNESS REYNOLDS NO. = 1883. 


CF/2 = 


273 


67 M/SEC 


CF/2 
0.00168 
0.00187 
0.00188 
0.00186 
0 .00 186 
0.00185 
0.00186 
0 . 00 ISS 
0.00190 
0.00193 
0.00199 
0.00204 
0.002 1 1 
0.002 17 
0.00 2 1 8 
0.002 1 1 
0.0020 3 
0.00 194 

201 CM. 


0.00187 





i 
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THIRD EXPT. 

. STATION 8 

. S ~ 25 

.20 CM. 

. UPM = 14. 

51 M/SEC 

PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.018 

0.393 

0.198 

17 . 

10.7 

0.00114 

2 

0 .034 

0 . 487 

0.305 

30 . 

13.2 

0.00133 

3 

0 . 048 

0.521 

0.351 

43. 

14.2 

0.00134 

4 

0.063 

0 . 547 

0 . 386 

56 . 

14.8 

0.00135 

5 

0 . 088 

0.581 

0 .437 

79 . 

15.7 

0.00136 

6 

0.108 

0.603 

0.472 

97 . 

16.3 

0.00137 

7 

0.131 

0.628 

0.513 

1 18. 

17.0 

0.00140 

8 

0.159 

0.655 

0.559 

144. 

17.7 

0.00143 

0 

0.195 

0 . 687 

0.615 

176 . 

18.5 

0.00147 

1 0 

0.240 

0.720 

0 . 676 

216 . 

19.3 

0.00151 

1 1 

0.296 

0 .756 

0 . 744 

266 . 

20 . 2 

0.00156 

12 

0 . 364 

0.793 

0.318 

328 . 

21.1 

0.00161 

1 3 

0 . 448 

0.831 

0 . 877 

404 . 

22 . 0 

0.00166 

14 

0.552 

0.87 1 

0 .983 

497 . 

23 . 0 

0.00171 

1 5 

0.681 

0.916 

1 . 082 

6 14. 

24 . 0 

0.00176 

16 

0.838 

0.964 

1 . 189 

756 . 

25 . 0 

0.00182 

17 

1.034 

0.995 

1.260 

932. 

25 . 6 

0.00181 

18 

1 . 276 

1.000 

1.270 

1150. 

25 . 3 

0.00171 

:s 

1.573 

1.000 

1 . 270 

14 18. 

24 . 9 

0.00160 

20 

1.941 

1.000 

1.270 

1750 . 

24 . 4 

0.00148 

DISP . 

THICKNESS = 0.475 

CM. 

MOMT . 

THICKESS =0 

.336 CM. 

SHAPE 

FACTOR 

= 1.416 

DELTA 

99 = 2. 

638 CM. 



MOMENTUM THICKNESS REYNOLDS NO. = 3122. CF/2 = 0.00135 



THIRD EXPT., STATIOM 9. S 


41.48 CM 


UPU 


14.73 n/SEC 


PT 

Y/OEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.018 

0.395 

0 . 206 

16. 

11.0 

0.00114 

2 

0.033 

0.478 

0 . 302 

30. 

13.3 

0.00128 

3 

0.047 

0 . 509 

0 . 343 

43. 

14.1 

0.00128 

4 

0.061 

0.536 

0.381 

56. 

14.9 

0.00129 

5 

0 . 085 

0 . 566 

0.427 

78. 

15.7 

0.00129 

6 

0.104 

0.590 

0.465 

96. 

16.3 

0.00131 

7 

0.127 

0.610 

0 .498 

117. 

16.9 

0.00132 

8 

0.155 

0.641 

0.551 

143. 

17.7 

0.00137 

9 

0 . 189 

0.671 

0.605 

175. 

18 . 5 

0.00140 

10 

0.233 

0.703 

0.663 

215. 

19.3 

0.00144 

1 1 

0 . 287 

0.741 

0.737 

264. 

20 . 3 

0.00150 

12 

0.352 

0.782 

0.820 

325. 

21.4 

0.00156 

13 

0 .434 

0.822 

0.904 

400. 

22.3 

0.00162 

14 

0 . 535 

0.864 

0 .996 

493. 

23.3 

0.00167 

15 

0.660 

0.907 

1.092 

608. 

24 . 3 

0.00172 

16 

0.812 

0 . 953 

1.199 

749. 

25. 3 

C . 00 178 

17 

1.002 

0.990 

1 . 285 

924 . 

26 . 0 

0.00179 

18 

1 . 236 

1.000 

1 . 308 

1140. 

25 . 9 

0.00171 

19 

1 . 525 

1.000 

1 .308 

1406 . 

25 . 5 

0.00159 

20 

1.881 

0.999 

1 . 306 

1734 . 

25 . 0 

0.00147 

DISP . 

THICKNESS 

= 0 . 506 

CM. 

MOMT. THICKESS =0. 

355 CM 

SHAPE 

FACTOR = 

1 . 426 

DELTA 

99 = 2.722 

CM. 



MOMENTUM THICKNESS REYNOLDS NO. 


3347 . 


CF/2 


0.00129 


THIRD EXPT . , 


STATION 10> S 


61.72 CM. , 


UPU 


14.66 M/SEC 


PT 

y/OEL 

U/UP 

DY PR 

1 

0.016 

0.333 

0. 147 

2 

0.030 

0.431 

0.246 

3 

0.043 

0.468 

0.292 

4 

0 . 056 

0.493 

0.325 

5 

0 . 079 

0.524 

0 . 368 

6 

0 . 096 

0 . 545 

0 . 399 

7 

0.118 

0 . 566 

0 .432 

8 

0.143 

0.592 

0.472 

9 

0. 176 

0.620 

0.521 

10 

0.216 

0.656 

0.582 

1 1 

0. 266 

0 . 695 

0.653 

12 

0.327 

0.740 

0.739 

13 

0 .403 

0.788 

0.836 

14 

0 . 496 

0.839 

0 .942 

15 

0.611 

0.889 

1 .052 

16 

0.753 

0 .937 

1.161 

17 

0.929 

0.985 

1 . 270 

18 

1.146 

1.001 

1 . 308 

19 

1.413 

1.001 

1 .308 

20 

1.743 

1.001 

1 . 308 

DISP. 

THICKNESS = 0.586 

CM. 


YPLUS 

UPLUS 

CF/2 

1.5. 

9.9 

0.00086 

28. 

12.8 

0.00107 

41 . 

13.9 

0.00111 

53. 

14.7 

0.001 12 

74. 

15.6 

0.001 13 

90 . 

16.2 

0.00114 

110. 

16.8 

0.00116 

134. 

17.5 

0.00119 

165. 

18. 3 

0.00122 

202 . 

19.3 

0.00127 

249 . 

20 . 4 

0.00134 

306 . 

21.6 

0.00142 

377 . 

22.9 

0.00150 

464 . 

24.3 

0.00159 

573. 

25.5 

0.00166 

705. 

26.7 

0.00172 

870. 

27.7 

0. 00177 

1074. 

27.8 

0.00171 

1324 . 

27 . 4 

0.00159 

1633. 

26.8 

0.00148 


MOMT. THICKESS =0.391 CM. 


SHAPE FACTOR = 1.498 DELTA 99 = 2.938 CM. 

MOMENTUM THICKNESS REYNOLDS NO. = 3724. CF/2 = 0.00112 


277 


THIRD EXPT 


STATION 12, S 


88.47 CM. 


UPU * 


14.62 M/SEC 




PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.015 

0 . 348 

0.157 

15. 

10.4 

0 . 00093 

2 

0.028 

0.438 

0 . 249 

28 . 

13.1 

0.00111 

3 

0 . 040 

0.470 

0 . 287 

40. 

14.0 

0.00112 

4 

0.052 

0 . 488 

0.310 

52. 

14.6 

0.00111 

S 

0.072 

0.514 

0.343 

73. 

15.3 

0.00111 

6 

0 . 088 

0 . 529 

0 . 363 

89. 

15.8 

0.00110 

7 

0. 108 

0.545 

0 . 386 

109. 

16 . 3 

0.00110 

8 

0.132 

0 . 564 

0.414 

133. 

16.9 

0.00111 

9 

0.162 

0 . 588 

0.450 

164. 

17 . 6 

0.00114 

10 

0.199 

0.616 

0.493 

20 1 . 

18.4 

0.00117 

1 1 

0.245 

0.650 

0 . 549 

248. 

19.4 

0.00123 

12 

0.301 

0.692 

0.622 

305. 

20.7 

0.00131 

13 

0.371 

0.739 

0.709 

376 . 

22. 1 

0.00 140 

14 

0 . 457 

0.795 

0.820 

463 . 

23.7 

0.00153 

1 5 

0.564 

0.854 

0 .947 

5? 1 . 

25.5 

0.00166 

16 

0 . 694 

0.913 

1 . 082 

703. 

27.3 

0.00179 

17 

0.856 

0 . 967 

1.214 

867 . 

28 . 9 

0.00191 

18 

1.056 

0.999 

1 . 295 

1069. 

29.8 

0.00194 

19 

1.302 

1.000 

1 . 298 

1318. 

29 . 9 

0.00187 

20 

1.606 

0 .999 

1 . 295 

1627 . 

29 .8 

0 . 00 179 

DISP. 

THICKNESS 

= 0.680 

CM. 

MOMT. THICKESS =0. 

.448 CM. 

SHAPE 

FACTOR = 

1.516 

DELTA 

99 = 3.188 

CM . 



1 

i 

I 

I 

I 

1 

I 


MOMENTUM THICKNESS REYNOLDS NO. = 4253. CF/2 = 0.00112 


I 

I 

I 

I 

1 

r 

\ 



THIRD EXPT. , 


STATION 13, S » 103.71 CM. 


UPM = 14. 6R M/SEC 


PT 

Y/DEL 

U/UP 

1 

0.0 15 

0.348 

2 

0.027 

0 . 440 

3 

0.038 

0.472 

4 

0 . 050 

0.493 

5 

0.069 

0.512 

6 

0 . 085 

0 . 529 

7 

0.104 

0 . 545 

8 

0.126 

0.563 

9 

0.155 

0 . 585 

10 

0.191 

0.609 

1 1 

0.235 

0.638 

12 

0 . 289 

n . 672 

13 

0 . 357 

0.7 14 

14 

0.439 

0.762 

15 

0.542 

0.821 

16 

0.667 

0 . 887 

17 

0.823 

0.950 

18 

1.015 

0 .993 

19 

1.251 

1.000 

20 

1 . 543 

1.000 

21 

1 .900 

0 . 999 

DISP . 

THICKNESS 

= 0.741 

SHAPE 

FACTOR = 

1.513 


DY PR 

YPLUS 

UPLUS 

0.157 

15. 

10.4 

0.251 

28. 

13.2 

0 . 290 

40. 

14. 1 

0.315 

52. 

14.7 

0.340 

73. 

15.3 

0.363 

89. 

15.8 

0 . 386 

109. 

16.3 

0.411 

133. 

16.8 

0 . 444 

163. 

17 . 5 

0.483 

20 1 . 

18.2 

0 . 528 

248. 

19 . 1 

0 . 587 

305. 

20 . 1 

0.663 

375. 

21.4 

0.754 

462 . 

22.8 

0 . 876 

570. 

24.6 

1 .024 

702. 

26 . 6 

1 . 173 

866 . 

28 . 4 

1 . 283 

1068. 

29.7 

1 . 300 

1317. 

29 . 9 

1.300 

1625. 

29 . 9 

1 . 298 

200 1. 

29 . 9 

CM . 

MOMT. THICKESS ' 


DELTA 99 = 3.318 CM. 


MOMENTUM THICKNESS REYNOLDS NO. = 4652. CF/2 


cr/2 

0.00093 
0.00112 
0.00113 
0.00113 
0.001 10 
0.00110 
0.00110 
0.00111 
0.00112 
0.00115 
0.00118 
0.00124 
0,00132 
0.00141 
0.00155 
0.00170 
0 . 00184 
0.00192 
0.00187 
0.00179 
0.00172 

.490 CM. 


= 0. 00 112 
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THIRD CXPT. . 


UPM > 14.61 n/SEC 


STATION 14, S > 118.95 CM., 


PT 

Y/OEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.013 

0.361 

0. 168 

15. 

10.8 

0.00098 

2 

0.025 

0 . 438 

0.246 

28. 

13.1 

0.00110 

3 

0.035 

0.475 

0 . 290 

40. 

14.2 

0.00113 

4 

0. 0’>6 

0 . 495 

0.315 

52. 

14.8 

0.001 13 

S 

0.064 

0.516 

0 . 343 

73. 

15.4 

0.00111 

6 

0 . 078 

0 . 530 

0.361 

89. 

15.8 

0.001 10 

7 

0 . 096 

0 . 548 

0 . 386 

109. 

16.4 

0.00110 

8 

0.117 

0.565 

0.411 

133. 

16.9 

0.00111 

9 

0. 143 

0 . 587 

0 .444 

163. 

17 . 6 

0.00113 

10 

0 . 176 

0.610 

0 . 480 

20 1 . 

18.2 

0.00115 

1 1 

0.217 

0 .634 

0.518 

247. 

18.9 

0.00117 

12 

0. 267 

0 .666 

0.572 

304 . 

19.9 

0.00122 

13 

0 . 330 

G . 70 1 

0.635 

375. 

2 1.0 

0.00127 

14 

0 . 406 

0 .743 

0.7 14 

462. 

22.2 

0.00135 

15 

0.501 

0.781 

0.787 

570 . 

23.3 

0.00141 

16 

0.617 

0.860 

0.955 

702. 

25.7 

0.00161 

17 

0.761 

0 . 928 

1.113 

866. 

27.7 

0.00176 

18 

0.938 

0 . 986 

1 . 257 

1068. 

29 . 5 

0.00189 

19 

1.157 

1.000 

1.295 

1317. 

29 . 9 

0.00187 

20 

1.427 

1.000 

1.295 

1625. 

29 . 9 

0.00179 

21 

1 . 746 

1.000 

1.295 

1987 . 

29.9 

0.00173 

DISP. 

THICKNESS 

= 0.795 

Ctl. 

nOMT . 

THICKESS =0, 

.529 CM. 

SHAPE 

FACTOR = 

1.503 

DELTA 

99 = 3. 

588 CM. 



MOMENTUtl THICKNESS REYNOLDS NO. = 5013. 


CF/2 = 0.00112 
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I 

I 

I 

I 

1 

I 

1 

I 

1 

I 


THIRD 

1 EXPT. » 

STATION 15 

i» S ■ 

134.19 CM. . 

UPW ■ 

14.59 M/SEC 

PT 

Y/DEL 

u/up 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0.012 

0.344 

0.152 

IS. 

10.4 

0 . 0009 1 

2 

0.023 

0.429 

0.236 

28. 

12.9 

0.00107 

3 

0.032 

0 . 464 

0.277 

40. 

14 . 0 

0.00 110 

4 

0.042 

0.487 

0 . 305 

52. 

14.7 

0.00110 

S 

0.059 

0.514 

0 . 340 

72. 

15.5 

0.00110 

6 

0.07 1 

0 . 529 

0.361 

88. 

16.0 

0.00110 

7 

0 . 087 

0 . 540 

0 . 376 

107 . 

16.3 

0.00 108 

8 

0.106 

0 . 558 

0.401 

13 1. 

16.8 

0.00109 

9 

0.131 

0 . 577 

0.429 

16 1. 

17.4 

0.00110 

to 

0.16 1 

0.602 

0 . 467 

198. 

18.1 

0.00113 

1 t 

0.198 

0.625 

0.503 

244 . 

18.8 

0.001 14 

12 

0 . 244 

0.651 

0 . 546 

30 1 . 

19.6 

0.00117 

13 

0.300 

0 .685 

0.605 

37 1 . 

20.6 

0.00122 

14 

0.370 

0.724 

0 . 676 

456 . 

2 1.8 

0.00129 

15 

0.456 

0 . 773 

0.770 

563. 

23.3 

0. 00139 

16 

0.562 

0.830 

0.889 

693. 

25 . 0 

0.00151 

17 

0.693 

0 . 898 

1.039 

855 . 

27 . 0 

0.00167 

18 

0.855 

0.965 

1.201 

1 055 . 

29 . 1 

0 . 00182 

19 

1.054 

0 .999 

1 . 288 

1301. 

30 . 1 

0.00186 

20 

1.300 

1.000 

1 . 290 

1604 . 

30 . 1 

0.00179 

21 

1.594 

0 . 999 

1 . 288 

1967 . 

30 . 1 

0.00173 

DISP. 

THICKNESS = 0.865 

CM. 

MOMT. THICKESS = 

0.576 CM. 

SHAPE 

FACTOR 

* 1.502 

DELTA 

99 = 3.939 

CM . 



nOHENTUM THICKNESS REYNOLDS NO. » 5436. CF/2 = 0.00110 



j 

i 



I 




! 
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THIRD CXPT. , 


STATION 16, S « 149. *«3 Ci' 


UPM » 14.54 n/SEC 


PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

CF/2 

1 

0,0 12 

0 . 338 

0 . 147 

15. 

10.3 

0.00089 

2 

0.022 

0.407 

0.213 

27. 

12.5 

0.00099 

3 

0.031 

0 .449 

0 . 259 

39 . 

13.7 

0.00105 

4 

0 . 040 

0.474 

0.290 

51 . 

14.5 

0.00106 

5 

0.056 

0.501 

0 . 323 

7 1 . 

15.3 

0.00106 

6 

0 . 069 

0.518 

0 . 345 

87 . 

15.9 

0.00107 

7 

0 . 084 

0.533 

0 . 366 

105. 

16.3 

0.00107 

8 

0.102 

0 . 550 

0 . 389 

1 28 . 

16.8 

0.00107 

9 

0.125 

0.566 

0.411 

1 58 . 

17 . 3 

0.00107 

10 

0.154 

0 . 587 

0.442 

195. 

17.9 

0.00108 

1 1 

0.190 

0.613 

0 . 483 

240 . 

18.8 

0.00111 

1 2 

0 . 234 

0.637 

0.521 

295 . 

19.5 

0.00113 

1 3 

0 . 289 

0.669 

0 . 574 

363 . 

20 . 5 

0.00118 

14 

0 .355 

0.708 

0 . 643 

448 . 

21.7 

0.00124 

1 5 

0 .438 

0.753 

0.726 

552. 

23. 0 

0.00133 

16 

0.540 

0.805 

0.831 

680 . 

24 . 6 

0.00143 

17 

0.666 

0.868 

0.965 

839 . 

26 . 5 

0.00157 

18 

0.822 

0.938 

1.128 

1 035 . 

28 . 7 

0.00174 

19 

1.013 

0.994 

1.265 

1 276 . 

30.4 

0.00185 

20 

1 . 250 

1.000 

1.280 

1 574 . 

30.6 

0.00180 

2 1 

1.541 

1.000 

1.280 

1942. 

30.6 

0.00173 

DISP . 

THICKNESS 

= 0.948 

CM. 

MOMT . 

THICKESS =0. 

628 CM. 

SHAPE 

FACTOR = 

1.510 

DELTA 

99 = 4. 

098 CM. 



MOtlENTUn THICKNESS REYNOLDS NO. = 590 1 . 


CF/2 = 0.00107 


28 ? 





r 

i 

I 

I 

f 

I 

) 


1 

1 

i: 


4 

I 


\ 


r 


I 

I 


THIRD EXPT. . 

STATION 

17. S ■ 

164.67 CM., 

UPU - 

PT 

Y/DEL 

U/UP 

DY PR 

YPLUS 

UPLUS 

1 

0.010 

0.327 

0.137 

15. 

10.0 

2 

0.019 

0.420 

0.226 

27. 

12.8 

3 

0 . 027 

0.459 

0.269 

39 . 

14.0 

4 

0.036 

0.478 

0.292 

51 . 

14.6 

5 

0 . 050 

0.508 

0.330 

71 . 

15.5 

6 

0 . 060 

0.522 

0.348 

86 . 

15.9 

7 

0 . 074 

0.535 

0.366 

106 . 

16 . 3 

8 

0.090 

0.551 

0.389 

129 . 

16.8 

9 

0.111 

0. 569 

0.4 14 

158. 

17.3 

to 

0.136 

0.586 

0.439 

195. 

17.9 

1 1 

0.168 

0.608 

0 . 472 

240 . 

18.5 

1 2 

0.207 

0.633 

0.513 

296 . 

19 . 3 

13 

0 . 255 

0.663 

0.561 

364 . 

20.2 

14 

0.314 

0.698 

0.622 

449 . 

21.3 

15 

0 . 387 

0.738 

0 .696 

554 . 

22.5 

16 

0 . 477 

0.789 

0.795 

682. 

24.0 

17 

0 . 588 

0.846 

0.914 

84 1 . 

25.8 

18 

0.726 

0.913 

1 . 064 

1038. 

27.8 

19 

0 . 894 

0.979 

1 . 224 

1279 . 

29.8 

20 

1.103 

1.001 

1 . 280 

1578. 

30 . 5 

21 

1 . 357 

1.001 

1 . 280 

194 1. 

30.5 

DISP. 

THICKNESS = 1.008 

CM. 

MOMT. THICKESS =i 

SHAPE 

FACTOR = 

1 . 498 

LELTA 

99 = 4,641 

CM, 


MOMENTUM THICKNESS REYNOLDS NO = 6317. CF/2 


a 


' ■ 



14.54 n/SEC 


CF/2 
0.00084 
0. 00104 
0.00108 
0.00107 
0.00109 
0.00108 
0.00107 
0.00107 
0.00108 
0.00108 
0.00109 
0.00112 
0.00116 
0.00121 
0.00128 
0.00138 
0. 00150 
0.00165 
0.00180 
0.00180 
0.00173 

.673 CM. 


0.00108 
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THIRD EXPT., RENOL03* STRESSES AT STM. 5, S « CM 


OUTPUT NONDIHENSIONALIZEO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSO 

USQATTSO 

VSDA/TSQ 

HSQAITSQ 

QSq/UTSD 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.119 

1 .0313 

3.019 

1 .569 

2.125 

6.708 

0.159 

0.979 

0.097 

Z 

0.15S 

1.0125 

2.622 

1 .999 

1.977 

6.293 

0.161 

0.993 

0.052 

3 

0.191 

0.9606 

2.727 

1 .999 

1.668 

6.063 

0.162 

0.993 

0.052 

A 

0.239 

0.9987 

2.672 

1 .920 

1 .626 

5.916 

0.160 

0.987 

0.051 

5 

0.2S9 

0.9129 

2.993 

1.366 

1.756 

5.615 

0.163 

0.995 

0.053 

6 

0.357 

0.0592 

2.330 

1.263 

1.630 

5.223 

0.169 

0.998 

0.053 

7 

0.991 

0.7591 

2.099 

1.156 

1.972 

9.677 

0.162 

0.993 

0.053 

a 

0.593 

0.6293 

1.751 

0.977 

1.236 

3.969 

0.159 

0.931 

0.050 

9 

0.671 

0.9510 

1.373 

0.791 

0.665 

2.999 

0.150 

0.997 

0.095 

10 

0.627 

0.2397 

0.773 

0.950 

0.989 

1.708 

0.190 

0.906 

0.039 

It 

1.020 

0.0621 

0.237 

0.199 

0.165 

0.596 

0.109 

0.290 

0.022 

12 

1.257 

-0.0096 

0.033 

0.098 

0.026 

0.107 

-0.093 

-0.115 

0.009 

13 

1.552 

-0.0103 

0.007 

0.010 

0.003 

0.020 

-0.502 

-1.21 1 

0.505 

DISPLACEMENT 

THICKNESS 

= 0.267 CM, 

MOMENTUM THICKNESS * 0.201 

CM. 

DELTA 99 s 

1.756 CM. 

MOMENTUM THICKNESS REYNOLDS NO. = 

1683. 

UTAU = 0. 

639 M/SEC 


UPH - 19 

.67 M/SEC 


OUTPUT NONOlflENSIONALIZEO ON WALL VELOCITY 


PT 

Y»DEL 

UV/UPWS 

usq/upws 

VSC/UPWS 

HSQ/UPWS 

qsq/uPMS 

1 

0.119 

0.00193 

0.00563 

0.00293 

0.00397 

0.01259 

2 

0.155 

0.00189 

0.00528 

0.00279 

0.00370 

0.01176 

3 

0.191 

0.00183 

0.00510 

0.00271 

0.00353 

0.01139 

9 

0.239 

0.00177 

0.00500 

0.00265 

0.00391 

0.01106 

5 

0.289 

0.00171 

0.00966 

0.00255 

0.00328 

0.01050 

6 

0.357 

0.00160 

0.00936 

0.00236 

0.00305 

0.00976 

7 

0.991 

0.00192 

0.00383 

0.00216 

0.00275 

0.00379 

8 

0.593 

0.001 18 

0.00327 

0.00183 

0.00231 

0.00791 

9 

0.671 

0.00069 

0.00257 

0.00139 

0.00165 

0.00561 

10 

0.827 

0.00095 

0. 00195 

0.00089 

0.00091 

0.00319 

1 1 

1 .020 

0.00012 

0.00099 

0.00036 

0.00031 

0.00111 

12 

1 .257 

-0.00001 

0.00006 

0.00009 

0.00005 

0.00020 

13 

1.552 

-0.00002 

0.00001 

0. 00002 

0.00001 

0.00009 


THIRD EXRT., REKOLDS' STRESSES AT 8TN. 7, 8 « 10. S9 CH. MJ.25 0E6I 


OUTPUT NOHOIHENSIONALIZEO ON FRICTION VELOCITY 


Y/OEL 

0.079 

0.107 

0.132 

0.162 

0.199 

0.246 

0.304 

0.375 

0.463 

0.570 

0.704 

0.867 

1.071 

1.321 

1.629 


UV/UTSQ 
1 .0143 
0.8710 
0.8190 
0.7350 
0.6658 
0.6213 
0.5718 
0.5199 
0.4458 
0.341 1 
0.2200 
0.0915 
0.0115 
-0.0041 
-0.0049 


USQ/UTSq 
3.336 
3.085 
3.026 
2.876 
2.742 
2.716 
2.549 
2.423 
2.179 
1 .837 
1 .410 
0.745 
0.164 
0.033 
0.026 


VSq/UTS« 

1.751 

1.514 

1.476 

1.401 

1.360 

1.328 

1.304 

1.239 

1.125 

0.948 

0.734 

0.450 

0.175 

0.049 

0.029 


MSq/UTSD 
2.333 
2.142 
2.106 
2.043 
1.970 
1.935 
1.865 
1.751 
1.622 
1 .340 
0.989 
0.487 
0.137 
0.034 
0.028 


QSqAITSq 

7.421 

6.741 

6.607 

6.320 

6.072 

5.980 

5.718 

5.414 

4.926 

4.125 

3.153 

1.683 

0.476 

0.116 

0.083 


A 

0.137 

0.129 

0.124 

0.116 

0.110 

0.104 

0.100 

0.096 

0.090 

0.083 

0.070 

0.054 

0.024 

-0.035 

-0.060 


SHEAR CORR 
0.420 
0.403 
0.388 
0.366 
0.345 
0.327 
0.314 
0.300 
0.285 
0.'’^9 
0.216 
0.158 
0.068 
- 0.102 
-0.179 


ANISOTROPY 

0.037 

0.033 

0.031 

0.027 

0.024 

0.022 

0.Q20 

0.018 

0.016 

0.014 

0.010 

0.006 

0.001 

0.003 

0.007 


displacement thickness » 0.422 CN. MC.MENTUN THICKNESS = 0.307 CM. DELTA 99 . 2.548 CM. 
MOMENTUM THICWESS REYNOLDS NO. = 2863. UTAU = 0.527 M/IEC UPH * 14.73 M/SEC 


OUTPUT NONOIMENSIONALIZEO ON HALL VELOCITY 


Y/OEL 
0.079 
0.107 
0.132 
0.162 
0.199 
0.246 
0.304 
0.375 
0.463 
0.570 
0.704 
0.867 
1 .071 
1.321 
1 .629 


UV/UPWS 
0.00130 
0.001 12 
0.00105 
0.00094 
O.OOOSS 
0.00080 
0.00073 
0.00067 
O.OOOS7 
0.00044 
0.00028 
0.00012 
0.00001 
- 0.00001 
- 0.00001 


USQ/UPHS 

0.00428 

0.00395 

0.00388 

0.00369 

0.00351 

0.00348 

0.00327 

0.00311 

0.00279 

0.00235 

0.00181 

0.00096 

0.00021 

0.00004 

0.00003 


VSQ/UPWS 
0.00225 
0.00194 
0.00189 
0.00180 
0.00174 
0.001 70 
0.00167 
0.00159 
0.00144 
0.00122 
0.00094 
O.OOOS8 
0.000.‘.'2 
0.00006 
0.00004 


USQ/UPHS 
0.00299 
J. ?j0275 
.-.00270 
0.00262 
C. 00253 
0.00248 
0.00239 
U. 00225 
0.00208 
0.00172 
0.00127 
0.00062 
0.00018 
0.00004 
0.00004 


QSQ/UPWS 

0.00951 

0.00864 

0.00847 

0.00810 

0.00778 

0.00767 

0.00733 

0.00694 

0.00631 

0.00529 

0.00402 

0.00216 

0.00061 

0.00015 

0.00011 


285 


TlttRO EXPT.» RENOLDS' STRESSES AT STN. 9» S * A1 .AS CN. (52.S2) 


OUTPUT NOMUHENSIONALIZEO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSR 

USQ/UTSQ 

VSRAITSQ 

WSQ/UTSQ 

QSQArrSQ 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.C7A 

0.9233 

2.619 

1.663 

2.123 

6. A2A 

0. 199 

0.990 

0.091 

2 

0.100 

0.827A 

2.351 

1 .A16 

1.8A3 

5.611 

0.197 

0.953 

0.093 

3 

0.123 

0.791A 

2.2SA 

1.326 

1.756 

5.335 

0.196 

0.958 

0.099 

A 

0.151 

0.73A9 

2.120 

1.231 

1 .699 

5.096 

0.196 

0.955 

0.092 

5 

0.167 

0.655A 

1.966 

1.137 

1.580 

A. 683 

0.190 

0.938 

0.039 

6 

0.231 

0.5710 

1.806 

1.012 

1.982 

9.300 

0.133 

0.922 

0.035 

7 

0.285 

0.A678 

1.565 

0.875 

1.313 

3.753 

0.125 

0.900 

0.031 

S 

0.351 

0.3539 

0.555 

0.729 

0.230 

1 .519 

0.239 

0.556 

0.109 

9 

0.A33 

0.2581 

1.059 

0.595 

0.938 

2.592 

0.100 

0.325 

0.020 

10 

0.53A 

0.18A3 

0.639 

0.A90 

0.780 

2.109 

0.087 

0.287 

0.015 

11 

0.659 

0.1237 

0.661 

0.910 

0.621 

1.692 

0.073 

0.238 

O.OIt 

IE 

0.812 

0.0573 

0.973 

0.337 

0.909 

1 .219 

0.097 

0.199 

0.009 

13 

1.003 

-0.0107 

0.192 

0.195 

0.139 

0.977 

-0.022 

-0.069 

0.001 

1A 

1.237 

-0.0270 

0.026 

0.050 

0.028 

0.109 

-0.260 

-0.756 

0.136 

15 

1.526 

-0.02A6 

0.01 1 

0.017 

O.OiA 

0.092 

-0.560 

-1.777 

0.672 

OISPLACEHENT 

THICKNESS 

* O.SOS CM. 

MOMENTUM THICKNESS = 0.356 

CM. 

DELTA 99 > 

2.720 CM. 


fiOflENTUM THICKNESS RETNOtOS NO. * 33A7. UTAU s 0.529 M/5EC UPH * 1A.73 H/SEC 


OUTPUT HONOIMENSIONALIZED ON MALL VELOCITY 


PT 

Y/OEL 

UV/UPMS 

usq/uPHS 

vsq/UPWS 

HSQ/UPWS 

8Sq/UPH5 

1 

0.079 

0.001 19 

0.00338 

0.0021 7 

0.00279 

0.00628 

2 

0.100 

0.00107 

0.00303 

0.00183 

0.00238 

0.00723 

3 

0.123 

0.00102 

0.00291 

0.00171 

0.00226 

0.00688 

9 

0.151 

0.00095 

0.00273 

0.00159 

0.00218 

0.00651 

5 

0.187 

0.00089 

0.00253 

0.00197 

0.00209 

0.00609 

6 

0.231 

0.00079 

0.00233 

0.00130 

0.00191 

0.00559 

7 

0.285 

0.00060 

0.00202 

0.0CI13 

0.00169 

0.00939 

8 

0.351 

0.00096 

0.00072 

0.00099 

0.00030 

0.00195 

9 

0.933 

0.00033 

0.00137 

0.00077 

0.00121 

0.00339 

10 

0.539 

0.00029 

0.00108 

0.00063 

0.00101 

0.00272 

1 1 

0.659 

0.00016 

O.OOOA5 

0.00053 

0.00080 

0.00218 

12 

0.612 

0.00007 

0.00061 

0.00095 

0.00052 

0.00156 

13 

1.003 

-0.00001 

0.00018 

0.00025 

O.OOOIS 

0.00061 

19 

1 .237 

-0.00003 

0.00003 

0.00006 

0.00009 

0.0001 3 

15 

1.526 

-0.00003 

0.00001 

0.00002 

0.00002 

0.00005 


'HilRO EXPT., RENOLOS* STRESSES AT STN. It« S ■ SS.A7 CI1. 






OUTPUT NONOIMENSIONALIZED ON 

FRICTION 

VELOCITY 


FT 

y/DEL 

UV/UTSQ 

usQArrsq 

VSQ/UTSQ 

USQ/UTSq 

BSR/UTS9 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.063 

1 .0866 

3.172 

1.750 

2.624 

7.366 

0.168 

0.661 

0.066 

t 

0.085 

1.0896 

3.022 

1.712 

2.362 

7.076 

0.156 

0.679 

0.047 

3 

0.105 

1.1229 

2.986 

1.762 

2.365 

7.091 

0.158 

0.690 

0.050 

A 

0.129 

1.1526 

2.982 

1.813 

2.369 

7.163 

0.161 

0.696 

0.052 

5 

0.159 

1 .2015 

3.015 

1 .838 

2.381 

7.236 

0.166 

0.510 

0.055 

A 

0.197 

1 .2169 

3.028 

1.864 

2.398 

7.290 

0.167 

0.511 

0.056 

7 

0.263 

1.1919 

2.962 

1.799 

2.386 

7.166 

0.167 

0.516 

0.056 

8 

0.300 

1.1364 

2.793 

1 .680 

2.265 

6.719 

0.169 

0.524 

0.057 

9 

0.370 

0.9746 

2.388 

1.422 

1.962 

5.772 

0.169 

0.529 

0.057 

10 

0.656 

0.7324 

1 .838 

1.078 

1 .509 

6.425 

0.166 

0.520 

0.055 

11 

0.563 

0.4729 

1.197 

0.694 

1.010 

2.900 

0.163 

0.519 

0.053 

12 

0.693 

0.2326 

0.646 

0.399 

0.580 

1 .625 

0.163 

0.458 

0.041 

13 

0.856 

0.0766 

0.308 

0.226 

0.251 

0.785 

0.098 

0.290 

0.019 

14 

1.056 

-0.0019 

0.043 

0.062 

0.067 

0.172 

-0.011 

-0.032 

0.000 

15 

1.302 

-0.0316 

0.019 

0.025 

0.019 

0.062 

-0.509 

-1.670 

0.517 

16 

1.556 

-0.0335 

0.015 

0.019 

0.019 

0.052 

-0.640 

-2.001 

0.819 

OISPLACEHENT 

THICKNESS 

s 0.681 CM. 

MOMENTUM THICKNESS * 0.447 

CM. 

DELTA 99 a 

3.188 CM. 

MOMENTUM THICKNESS REYNOLDS NO. = 

6253. 

UTAU = 0 

.469 M/SEC 


UPH a 16 

.62 M/SEC 


OUTPUT NONOIMENSIONALI2EO ON MALL VELOCITY 


PT 

Y/DEL 

UV/UPHS 

USO/UPW3 

VSQ/UPM5 

HSQ/UPMS 

QSQ/UPUS 

1 

0.063 

0.00122 

0.00355 

0.00196 

0.00271 

0.00822 

2 

0.085 

0.00122 

0.00338 

0.00192 

0.00262 

0.00792 

3 

0.105 

0.00126 

0.00334 

0.00197 

0.00263 

0.00794 

6 

0.129 

0.00129 

0.00334 

0.00203 

0.00263 

0.00800 

5 

0.159 

0.00134 

0.00338 

0.00206 

0.00267 

0.00810 

6 

0.197 

0.00136 

0.00339 

0.00209 

0.00268 

0.00816 

7 

0.243 

0.00133 

0.00332 

0.00201 

0.00267 

0.00800 

8 

0.300 

0.00127 

0.00313 

0.00188 

0.00251 

0.00752 

9 

0.370 

0 00109 

0.00267 

0.00159 

0.00220 

0.00646 

10 

0.456 

0.00082 

0.00206 

0.00121 

0.00169 

0.00495 

11 

0.563 

0.00053 

0.00134 

0.0C078 

0.00113 

0.00325 

12 

0.695 

0.00026 

0.00072 

0.00045 

0.00065 

0.00182 

13 

0.856 

0.00009 

0.00035 

0.00025 

0.00028 

0.00088 

14 

1.056 

-0.00000 

0.00005 

0.00009 

0.00005 

0.00019 

15 

1 .302 

-0.00004 

0.00002 

0.00003 

0.00002 

0.00007 

16 

1 .554 

-0.00004 

0.00002 

0.00002 

0.00002 

0.00006 


287 


THXRO CXPT.. RCNOLOS' STRESSE? AT STN 


S > 116.95 CM. 


. 19. 


OUTPUT NONOlriENSIONALIZEO ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UT59 

USQ/UTSQ 

VSQ/UTSQ 

WSOAITSD 

QSQAJTSQ 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.053 

1.0392 

3.636 

1.730 

2.520 

7.687 

0.131 

0.912 

0.039 

2 

0.071 

1.0630 

3.527 

1.735 

2.968 

7.730 

0.138 

0.930 

0.038 

3 

0.086 

1.0716 

3.907 

1.798 

2.956 

7.61 1 

0.191 

0.939 

0.090 

9 

0.108 

1.0669 

3.375 

1 .789 

2.969 

7.629 

0.193 

0.993 

0.091 

5 

0.133 

1.1157 

3.383 

1 .890 

2.933 

7.656 

0.196 

0.997 

0.092 

6 

0.169 

1 .1291 

3.327 

1 .855 

2.990 

7.671 

0.197 

0.955 

0.093 

7 

0.203 

1 . 1 368 

3.395 

1 .895 

2.512 

7.791 

0.197 

0.953 

0.093 

8 

0.250 

1.1502 

3.360 

1 .900 

2.599 

7.809 

0.197 

0.955 

0.093 

9 

0.309 

1 . 1 368 

3.221 

1 .899 

2.599 

7.659 

0.198 

0.960 

0.099 

10 

0.381 

1.1119 

3.100 

1.799 

2.962 

7.361 

0.151 

0.971 

0.096 

11 

0.970 

1.0026 

2.753 

1 .601 

2.178 

6.532 

0.153 

0.977 

0.097 

12 

0.579 

0.7668 

2.162 

1.212 

I .637 

5.01 1 

0.153 

0.979 

0.097 

13 

0.715 

0.9053 

1 .183 

0.699 

0.838 

2.665 

0.152 

0.965 

0.096 

19 

0.882 

0.0776 

0.235 

0.201 

0.179 

0.615 

0.126 

0.357 

0.032 

15 

1.087 

0.0077 

0.028 

0.099 

0.029 

0.101 

0.076 

0.218 

0.012 

DISPLACEMENT 

THICKNESS 

= 0.795 CM, 

MOMENTUM THICKNESS = 0.528 

CM. 

DELTA 99 = 

3.818 CM. 


NOMENTUfl THICKNESS REYNOLDS NO. = 5013. UTAU = 0.9S9 M/SEC UPH = 19.61 M/SEC 


OUTPUT NONDIMENSIONALIZEO ON WALL VELOCITY 


PT 

Y/DFL 

UV/UPWS 

usq.'upws 

VSQ/UPUS 

H5Q/UPW5 

OSQ/UPWS 

1 

0.053 

0.00116 

0.00907 

0.00199 

0.00282 

0.00889 

2 

0.071 

0.00119 

0.00395 

0.00199 

0.00277 

0.00866 

3 

0.088 

0.00120 

0.00382 

0.00196 

0.00275 

0.00853 

9 

0.108 

0.00122 

0.00378 

0.00200 

0.00276 

0.00655 

5 

0.133 

0.00125 

0.00379 

0.00206 

0.00273 

0.00858 

6 

0.169 

0.00127 

0.00373 

0.00206 

0.00279 

0.00860 

7 

0.203 

0.00127 

0.00375 

0.0021 1 

0.00281 

0.00867 

8 

0.250 

0.00129 

0.00376 

0.00213 

0.00285 

0.00879 

9 

0.309 

0.00127 

0.00361 

0.00212 

0.00285 

0.00858 

10 

0.381 

0.00125 

0.00397 

0.00202 

0.00276 

0.00825 

1 1 

0.970 

0.00112 

0.00509 

0.00179 

0.00299 

0.00732 

12 

0.579 

0.00086 

0.00292 

0.00136 

0.00183 

C. 00561 

13 

0.715 

0.00095 

0.001 33 

0.00072 

0.00099 

0.00299 

19 

0.882 

0.00009 

0.00026 

0.00023 

0.00020 

0.00069 

15 

1.087 

0.00001 

0.00003 

0.00005 

0.00003 

0.00011 


?8B 


THIRD EXPT., REMOLDS' STRESSES AT STN. 17, S = 164.67 CM 


OUTPUT HONDIHENSIOHALIZED ON FRICTION VELOCITY 


PT 

Y/OEL 

UV/UTSO 

USQATTSD 

VSQ/UTSq 

MSQ/UTSQ 

QSa/UTSD 

A 

SHEAR CORR 

ANISOTROPY 

1 

0.047 

1.1092 

4.332 

1.878 

2.959 

9.16“ 

0.121 

0.389 

0.029 

2 

0.071 

1.1062 

4.057 

1.743 

2.722 

8.523 

0.130 

0.416 

0.034 

3 

0.088 

1.1072 

3.922 

1.752 

2.661 

8.335 

0.133 

0.422 

0.035 

4 

0.108 

1.1213 

3.913 

1.783 

2.611 

6.307 

0.135 

0.424 

0.036 

5 

0.134 

1.1544 

3.689 

1.842 

2.583 

8.315 

0.139 

0.431 

0.039 

6 

0.165 

1.1685 

3.804 

1 .913 

2.617 

8.334 

0.140 

0.433 

0.039 

7 

0.204 

1 .1967 

3.787 

1 .970 

2.668 

6.425 

0.142 

0.438 

0.040 

8 

0.251 

1.2178 

3.773 

2.009 

2.678 

8.460 

0.144 

0.442 

0.041 

9 

0.310 

1 .2329 

3.696 

2.044 

2.757 

8.497 

0.145 

0.449 

0.042 

10 

0.382 

1 .2309 

3.726 

2.085 

2.774 

8.585 

0.143 

0.442 

0.041 

11 

0.471 

1 .2256 

3.576 

2.051 

2.732 

8.359 

0.147 

0.453 

0.043 

12 

0.581 

1.1735 

3.725 

1.925 

2.582 

7.832 

0.150 

0.464 

0.045 

13 

0.717 

1.0187 

2.902 

1 .672 

2.244 

6.816 

0.149 

0.462 

0.045 

14 

0.685 

0.6758 

1.986 

1.137 

1.423 

4.548 

0.149 

0.449 

0.044 

15 

1.091 

0.'870 

0.551 

4.441 

0.378 

1 .371 

0.136 

0.379 

0.037 

16 

1.346 

0.0080 

0.039 

6 062 

0.040 

0.1 -«1 

0.057 

0.164 

0.006 

DISPLACEMENT 

THICKNESS 

: 1.008 CM 

MOMENTUM THICKNESS = 0.673 

CM. 

DELTA 99 = 

3.605 CM. 

MOMENTUM THICKNESS REYNOLDS NO. = 

6317. 

UTAU = 0. 

.477 M/SEC 


UPU = 14 

.54 M/SEC 


OUTPUT NONOIMENSIONALIZED ON HALL VELOCITY 


PT 

Y/DEL 

UV/UPWS 

USQ/UPUS 

VSQ/UPWS 

HSQ/UPWS 

QSQ/UPWS 

1 

0.047 

0.00120 

0.00467 

0.00203 

0.00319 

0.00989 

2 

0.071 

0.00119 

0.00437 

0.00188 

0.00294 

0.00919 

3 

0.088 

0.00119 

0.00423 

0.00169 

0.00287 

0.00899 

4 

0.108 

0.00121 

0.00422 

0.00192 

0.00282 

0.00896 

5 

0.134 

0.00124 

0.00419 

0.00199 

0.00279 

0.00897 

6 

0.165 

0.00126 

0.00410 

0.00206 

3.00282 

0.00399 

7 

0.204 

0.00129 

0.00408 

0.00212 

0.00288 

0.00908 

8 

0.251 

0.00131 

0.00407 

0.00217 

0.00289 

0.00912 

9 

0.310 

0.00133 

0.00399 

0.00220 

0.00297 

0.00916 

10 

0.382 

0.00133 

0.00402 

0.00225 

0.00299 

0.00926 

11 

0.471 

0.00132 

0.00386 

0.00221 

0.00295 

0.00901 

12 

0.581 

0.00127 

0.00359 

0.00208 

0.00278 

0.00844 

13 

0.717 

0.00110 

C. 00313 

0.00180 

0.00242 

0.00735 

14 

0.885 

0.00073 

0.00214 

0.00123 

0.00153 

0.00490 

13 

1.091 

0.00020 

0.00059 

0.00048 

0.00041 

0.00148 

16 

1 .346 

0.00001 

0.00004 

0.00007 

0.00004 

0.00015 
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TMIRO 

eXPT., STN 

. 5, S » 

-34.92 

CH. 

PT 

T/oet 

UA1PM 

UCALC 

VCLGRAO 

1 

0.028 

0.498 

0.503 

4.019 

2 

0.051 

0.596 

0.588 

3.026 

3 

0.072 

0.636 

0.635 

1 .574 

4 

0.004 

0.658 

0.661 

0.948 

S 

0.131 

0.693 

0.693 

0.761 

« 

0.160 

0.713 

0.713 

0.678 

7 

0. 196 

0.737 

0. 737 

0.623 

8 

0.238 

0.761 

0.761 

0.524 

9 

0.292 

0.787 

0.787 

0.462 

10 

0.360 

0.818 

0.818 

0.444 

1 1 

0.443 

0.853 

0.853 

0.394 

tz 

0.545 

0.890 

0.890 

0.359 

13 

0.672 

0.930 

0.930 

0.288 

14 

0.827 

0.968 

0.968 

0.195 

15 

1.020 

0.993 

0.993 

0.070 

16 

1.257 

0.999 

0.999 

0.004 

17 

1.551 

1.000 

1 .000 

0.001 

18 

1.914 

0.999 

0.999 

0.000 


PT 

Y/OEL 

UCAL/UP 

VELGRAO 

MIX LN/OEL 

1 

0.1 14 

0.679 

0.849 

0.0517 

2 

0.155 

0.710 

0.663 

0.0637 

3 

0.191 

0.734 

0.6 3<« 

0.0675 

4 

0.234 

0. 759 

0.533 

0.0790 

5 

0.289 

0.766 

0.462 

0.0593 

6 

0.357 

0.81 7 

9.4-*5 

0.0897 

7 

0.441 

0.852 

0.346 

0.0951 

8 

0.543 

0.889 

0.339 

0.1011 

9 

0.671 

0.930 

0.289 

0.1006 

10 

0 827 

0.968 

0.195 

0.1065 

n 

1 .020 

0.993 

0.070 

0.1 5h9 

12 

1.257 

0.999 

0.004 

0.7600 

13 

1 .552 

1.000 

0.001 

4.9301 


PROO 

L/LO 

PIC 

BETA 

ED. RE 

20.24 

1 . 149 

0.0000 

0.0 

79.54 

15.99 

1 .014 

0.0000 

0.0 

97.06 

14.39 

0.665 

0.0000 

0.0 

101 .17 

It .69 

0.930 

0.0000 

0.0 

116.49 

9.76 

1.051 

o.ooou 

0.0 

129.19 

8.60 

1 .056 

Q.CQQO 

0.0 

125.52 

6 95 

1.119 

0.0000 

0.0 

125.44 

4.94 

1.189 

0.0000 

0.0 

121.33 

3.01 

1 .183 

0.0000 

0.0 

102.24 

1 .Ov 

1.277 

0.0000 

0.0 

80.41 

0.10 

1 .825 

0.0000 

0.0 

58.44 

o 

o 

o 

8.941 

0.0000 

0.0 

78.01 

-0.00 


0.0000 

0.0 

757.29 


?'-30 


tmiro exPT.. 


STH. 7, S « tO-5* CH 


PT 

Y/OEL 

1 

0.019 

2 

0.035 

3 

0.050 

9 

0.065 

5 

0.091 

6 

O.llt 

7 

0.135 

8 

0.169 

9 

0.202 

10 

0.298 

11 

0.306 

12 

0.376 

13 

0.969 

19 

0.571 

15 

0.705 

16 

0.868 

17 

1 .071 

18 

1.321 

19 

1.629 


UAA>U yCALC 
0.418 0.48S 

0.5i<» 0.511 

0.557 0.559 

0.589 0.586 

0.621 0.621 

0.649 0.696 

0.666 0.666 

0.690 0.689 

0.712 0.712 

0.736 0.736 

0.762 0.762 

0.791 0.791 

0.826 0.826 

0.861 0.861 

0.696 0.896 

0.929 0.929 

0.441 0.961 

0.931 0.931 

0.916 0.916 


VELGRAD 
6.039 
9.922 
2.265 
1 .516 
1.228 
1.035 
0.869 
0.706 
0.533 
0.987 
0.928 
0.919 
0.370 
0.290 
0.291 
0. 191 
-0.005 
-0.053 
0.000 


PT Y/OEL OCAt/UP 
I 0.079 0.606 

Z 0.107 0.639 

3 0.132 0.669 

4 0.162 0.688 

5 0.199 0.710 

8 0.296 0.735 

7 0.309 0.761 

8 0.375 0.791 

9 0.963 0.826 

to 0.570 0.891 

tt 0.709 0.896 

12 0.867 0.929 

13 1.071 0.991 

14 1.321 0.931 

15 1.629 0.9)6 


VELGRAO MIX IN/OEL 
1.390 0.0269 

1.080 0.0309 

0.878 0.0369 

0.723 0-0929 

0.535 0.0596 

0.990 0.0576 

0.929 0.0631 

0.919 0.0623 

0.371 0.0699 

0.290 0.0721 

0.292 0.0695 

0.192 0.0760 

-0.005 -0.7039 

-0.053 -0.0929 

-0.050 -0.0500 


PROD 

l/LO 

36.98 

0.887 

25.39 

0.722 

19.22 

0.689 

19.09 

0.691 

9.21 

0.669 

7.78 

0.678 

6.16 

0.793 

5.37 

0.733 

9.09 

0.758 

2.30 

0.898 

1.17 

0.817 

0.23 

0.899 

-0.02 

«»»•« 

0.01 


0.01 



RIC 

BETA 

0.0999 

2.3 

0.0699 

9.3 

0.0821 

3.8 

0.1022 

3.5 

0.1398 

2.9 

0.1565 

2.1 

0.1826 

1.9 

0.1950 

1.9 

0.2239 

1.1 

0.2877 

0.5 

0.3971 

0-5 

0.5398 

0.2 

2.2358 

9.1 


0.0 


0.0 


ED. RE 
91.10 
93.79 
50.65 
55.18 
67.51 
68.83 
72.38 
68.09 
65.21 
63.81 
99.91 
39.87 
-119.36 
-9.16 
-5.31 
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THIRD CXPT.i STH. 9, S * 91.98 CM. 


RT 

Y/DSl 

U/UPH 

UCALC 

VELGRAO 

1 

0.018 

0.395 

0.900 

5.019 

S 

0.033 

0.977 

0.969 

3.309 

3 

0.09/ 

0.508 

0.509 

2.196 

9 

0.061 

0.539 

0.535 

1 .985 

S 

0.085 

0.563 

0.569 

1.135 

6 

0.109 

0.586 

0.585 

1 .002 

T 

0.127 

0.605 

0.606 

0.993 

8 

0.155 

0.635 

0.635 

0.980 

9 

0.189 

0.663 

0.663 

0.792 

10 

0.233 

0.693 

0.693 

0.652 

11 

0.287 

0.728 

0.728 

0.630 

12 

0.352 

0.766 

0.766 

0.505 

13 

0.939 

0.801 

<3.801 

0.389 

19 

0.535 

0.837 

0.837 

0.320 

15 

0.660 

0.872 

0.872 

0.260 

16 

0.812 

0.908 

0.908 

0.202 

17 

1 .002 

0.933 

0.953 

0.056 

18 

1 .236 

0.930 

0.930 

-0.099 

19 

1 .525 

0.916 

0.916 

-0.053 

20 

1 .681 

0.897 

0.897 

0.000 


PT 

T/OEL 

UCAL/UP 

VELGRAO 

MIX LN/OEL 

PROD 

L/LO 

RIC 

BETA 

ED. RE 

1 

0.079 

0.552 

1 .169 

0.0290 

29.75 

1.019 

0.0596 

-0.9 

95.38 

2 

0.100 

0.581 

1.062 

0.0303 

23.66 

0.768 

0.0692 

3.6 

95.55 

3 

0.123 

0.603 

0.906 

0.0353 

19.16 

0.706 

0.0775 

3.8 

51 .09 

9 

0.151 

0.631 

1.011 

0.0309 

19.91 

0.999 

0.0728 

7.0 

92.50 

5 

0.187 

0.662 

0.752 

0.0387 

12.99 

0.505 

0.1019 

9.9 

50.96 

6 

0.231 

0.6<52 

0.652 

0.0916 

9.70 

0.990 

0.1211 

9.2 

51.23 

7 

0.285 

0.72 7 

0.632 

0.0388 

7.67 

0.957 

0.1305 

9.2 

93.25 

8 

0.351 

0.765 

0.508 

0.0920 

9.55 

0.995 

0.1676 

3.0 

90.73 

9 

0.935 

0.601 

0.3S5 

0.0979 

2.92 

0,558 

0.2250 

2.0 

59.20 

10 

0.539 

0.837 

0.321 

0.0981 

1.39 

0.566 

0.2799 

1 .6 

33.60 

1 1 

0.659 

0.872 

0.260 

0.0985 

0.72 

0.571 

0.3905 

1.3 

27.78 

12 

0.812 

0.908 

0.202 

0.0706 

0.69 

0.831 

0.9392 

0.9 

95.60 

13 

1 .003 

0.939 

0.055 

0.0675 

0.00 

0.799 

1.0960 

0.2 

11.37 

19 

1.237 

0.930 

-0.099 

-0.1209 

0.08 



0.1 

-32.35 

15 

1 .526 

0.916 

-0.053 

-0.10 70 

0.07 



0.0 

-27.33 




THIRD 

eXPT., STN 

• 12. S 

■ 60.47 

CH. 

PT 

Y/OEL 

ua;pw 

UCALC 

VEL6R40 

t 

0.015 

0.34A 

0.353 

6.470 

2 

0.02S 

0.4SA 

0.430 

4.721 

1 

0.040 

0.470 

0.470 

2.272 


0.0S2 

0.4AA 

0.490 

1.330 

5 

0.072 

0.514 

0.514 

1.020 

6 

O.OSS 

0.529 

0.529 

0.659 

7 

o.tos 

0.545 

0.545 

0.702 

A 

0.132 

0.564 

0.564 

0.790 

<» 

0.162 

0.580 

0.380 

0.764 

10 

0.199 

0.616 

0.616 

0.740 

tt 

0.24S 

0.650 

0.650 

0.751 

12 

0.301 

0.692 

0.692 

0.710 

U 

0.371 

0.739 

0.739 

0.650 

14 

0.457 

0 795 

0.795 

0.616 

IS 

0.564 

0.654 

0.654 

0.501 

16 

0.694 

0.913 

0.913 

>.404 

17 

0.656 

0.967 

0.967 

v'.257 

1A 

1 .056 

0.999 

0.499 

0.069 

19 

1 .302 

1 .000 

1 .OCO 

-0.019 

20 

1 .606 

0.999 

0.999 

0.000 


PT 

Y/OEL 

UCAL/UP 

VELGRAO 

MIX LM/OEL 

PROD 

L/LO 

RIC 

OETA 

ED. RE 

1 

0.063 

0.504 

1.155 

o.oio: 

37.53 

1 .266 

0.0000 

0.0 

51 .57 

2 

0.085 

0.526 

0.885 

0.0396 

28.80 

1.170 

0.0000 

0.0 

67.28 

3 

0.105 

0.543 

0.783 

0.0453 

26.27 

1 .067 

0.0000 

0.0 

78.37 

4 

0.129 

0.562 

0.795 

0.0452 

27.39 

0.859 

0.0000 

0.0 

79.20 

5 

0.159 

0.586 

0.789 

0.0465 

28.34 

0.714 

0.0000 

0.9 

03.10 

6 

0. 1«7 

0.615 

0. 741 

0.0498 

26.90 

0.616 

0.0000 

0.0 

09.54 

7 

0.243 

0.649 

0.749 

0.0488 

26.68 

0.574 

0.0000 

0.0 

06.93 

9 

0.330 

2.691 

0. 720 

0.0495 

24.40 

0.583 

0.0000 

0.0 

06.11 

9 

0.370 

0.738 

0.657 

0.0502 

19.15 

0.591 

0.0000 

0.0 

61 .00 

10 

0.456 

0.794 

0.617 

0.0464 

13.51 

0.546 

0.0000 

0.0 

64.01 

1 1 

0.563 

0.054 

0.502 

0.0459 

7.09 

0.540 

0.0000 

0.0 

51 .50 

12 

0.693 

0.91 5 

0.405 

0.0399 

2.62 

0.469 

0.0000 

0.0 

31 .38 

13 

0.856 

0.967 

0.257 

0.0361 

0.59 

0.424 

0.0000 

0.0 

16.30 


1.056 

0.999 

0.069 

0.021 3 

-0.00 

0.250 

0.0000 

0.0 

I .51 

15 

1.302 

1.000 

-0.019 

-0.3169 

0.02 


0.0000 

0.0 

-91 .97 

16 

1 .554 

0.999 

0.004 

1 .6266 

•0.00 


0.0000 

0.0 

486.10 
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TMIRO 

EXPT. . STN 

. 14. 3 

> 110.95 

CM. 

RT 

Y/OEL 

U/UPM 

UCALC 

VELCRAO 

1 

0.013 

0.361 

0.367 

5.700 

t 

0.025 

0.43a 

0.432 

4.732 

1 

0.035 

0.475 

0.471 

3.004 

4 

0.046 

0.495 

0.497 

1 .698 

5 

0.064 

0.516 

0.510 

0.915 

6 

0.07a 

0.530 

0.531 

0.920 

7 

0.096 

0.54a 

0.547 

0.902 

a 

0.117 

0.565 

0.565 

0.037 

» 

0.143 

0.567 

0.507 

0.705 

10 

0.176 

0.610 

0.610 

0.624 

11 

0.217 

0.634 

0.63h 

0.600 

1Z 

0.267 

0.666 

0.666 

0.600 

13 

0.330 

0.701 

0.701 

0.563 

14 

0.406 

0.743 

0.743 

0.455 

15 

0.501 

0.701 

0.701 

0.519 

16 

0.617 

0.060 

0.060 

0.652 

17 

0.761 

0.920 

0.920 

0.365 

ia 

0.93a 

0.906 

0.906 

0.209 

19 

1.157 

1 .000 

1.000 

-0.005 

20 

1 .427 

1 .000 

1.000 

0.002 

21 

1.746 

1 .000 

1 .000 

0.000 


PT 

Y/OEL 

UCALAJP 

VELGRAO 

MIX LN/OEl 

PROO 

L/LO 

RIC 

BETA 

ED. RE 

1 

0.053 

0.507 

1.221 

0.0279 

37.73 

1.388 

0.0000 

0.0 

55.36 

2 

0.071 

0.524 

0.90 7 

0.0 330 

20.01 

1.349 

0.0000 

0.0 

76.59 

3 

0.038 

0.540 

0.942 

0.0 568 

30.17 

1.033 

0.0000 

0.0 

74.35 

4 

0.103 

0.553 

0.840 

0.0416 

27.33 

0 . 944 

0.0000 

0.0 

84.72 

5 

0.133 

0.579 

0.627 

0.0h27 

27.58 

0.785 

0.0000 

0.0 

88.16 

6 

0.164 

0.602 

0.676 

0.0526 

22.81 

0.785 

0.0030 

0.0 

109.16 

7 

0.203 

0.626 

0.579 

0.06I6 

19.67 

0 . 740 

0.0000 

0.0 

128.32 

0 

0.250 

0.655 

0.645 

0.0557 

22.15 

0.655 

0.0000 

0.0 

1 16.66 

9 

0.309 

0.690 

0.5-<2 

0.0659 

18.41 

0.775 

0.0030 

0.0 

137.12 

10 

0.301 

0.730 

0.S«5 

0.0647 

10.11 

0.761 

0.0300 

0.0 

133.29 

1 1 

0.470 

0.76 7 

0.386 

0.0668 

11.56 

1.022 

0.0000 

0.0 

169.80 

12 

0.579 

0.333 

0.753 

0.0400 

16.79 

0.470 

0.0000 

0.0 

68.38 

13 

0.715 

0.910 

0.411 

0.0519 

4.90 

0.611 

0.0000 

0.0 

64.54 

14 

0.832 

0.971 

0.30h 

0.0306 

0.71 

0.360 

0.0000 

0.0 

16.67 

15 

1 .087 

1 .000 

0.014 

0.2146 

0.00 

2.525 

0.0000 

0.0 

36.78 


?94 


THIRD CXPT., STN. 17, 3 > l«4.67 CM. 


PT 

r/OEL 

U/UPM 

UCALC 

VEL6RA0 

1 

0.010 

0.327 

0.332 

9.669 

t 

0.019 

0.920 

0.913 

7.391 

3 

0.027 

0.959 

0.957 

3.660 

♦ 

0.036 

0.976 

0.962 

2.102 

5 

0.050 

0.S06 

0.506 

1.595 

6 

0.060 

0.522 

0.522 

1.162 

7 

0.079 

0.535 

0.535 

0.933 

a 

0.090 

0.551 

0.551 

0.999 

9 

0.111 

0.569 

0.569 

0.759 

10 

0.136 

0.506 

0.506 

0.667 

It 

0 . 16 a 

o.6oa 

0.600 

0.679 

12 

0.207 

0.633 

0.633 

0.627 

13 

0.255 

0.663 

0.663 

0.616 

19 

0.319 

0.696 

0.696 

0.565 

15 

0.307 

0.736 

0.736 

0.555 

16 

0.977 

0.769 

0.769 

0.550 

17 

o.5aa 

0.696 

0.096 

0 .99** 

ta 

0.726 

0.913 

0.913 

0.971 

19 

0.699 

0.979 

0.979 

0.263 

20 

1.103 

1 .001 

1.001 

0.016 

21 

1.357 

1.001 

1.001 

0.000 


PT 

Y/OEL 

UCALA 1 P 

VELG 9 AD 

MIX LN/DEL 

PROD 

L/LO 

RIC 

BETA 

ED. RE 

1 

0.097 

0.503 

1 .722 

0.0201 

58.10 

1.166 

0.0000 

0.0 

39.23 

2 

0.071 

0.533 

0.921 

0.0375 

31 .01 

1.335 

0.0000 

0.0 

73.20 

3 

0.086 

0.599 

0.963 

0,0359 

32.97 

1.010 

0.0000 

0.0 

70.06 

9 

0.108 

0.567 

0.769 

0.0990 

26.96 

1 .001 

0.0000 

8.0 

66.55 

5 

0.139 

0.535 

0.662 

0.0533 

23.27 

0.972 

0.0000 

0.0 

106.26 

6 

0.165 

0.606 

0.680 

0.0522 

29.21 

0.772 

0.0000 

0.0 

109.69 

7 

0.209 

0.631 

0.627 

0.0573 

22.86 

0.685 

0.0000 

0.0 

116.29 

6 

0.251 

0.661 

0.619 

0.0536 

22.99 

0.689 

0.0000 

0.0 

119.95 

9 

0.310 

0.696 

0.569 

0 . 0690 

21 .38 

0.753 

0.0000 

0.0 

131 .91 

to 

0.362 

0.735 

0.551 

0.0661 

20.67 

0.777 

c.oooo 

0.0 

136.02 

1 1 

0.971 

0.786 

0.556 

0.0659 

20.75 

0.770 

0.0000 

0.0 

139.38 

12 

0.561 

0.893 

0.995 

0.0719 

17.66 

0.896 

0.0000 

0.0 

1 44 . 

13 

0.717 

0.*>09 

0.973 

0.0700 

19.60 

0.829 

0.0000 

0.0 

131 .13 

19 

0.885 

0.977 

0.282 

0.0957 

5.60 

1.126 

0.0000 

0.0 

196.00 

15 

1 .091 

1.001 

0.019 

0.7339 

0.11 

0.639 

0.8000 

0.0 

588.82 

16 

1 .3h6 

1 .001 

- 0.008 

- 0.361 1 

- 0.00 


0.0000 

0.0 

- 59.92 


?9S 


